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EXECUTIVE SUMMARY

In 1991, Kentucky, West Virginia, Ohio and the United States Environmental Protection Agency

(USEPA) Regions 3, 4, and 5 formed a partnership to study the 2,300 square mile area where the

three states converge.  The mission of the partnership was to ascertain the environmental status in

this Tri-State area, and to develop and implement a plan to respond to any problems identified

with existing authorities.  The partners called this mission the Tri-State Multi-Media Geographic

Initiative (now known as The Tri-State Geographic Initiative or TGI).

During project planning, air quality emerged as the top priority.  The Initiative’s Technical

Steering Committee established the Air Toxics Project.  Study of the Tristate area’s air quality

was conceived to consist of three components: air monitoring, air dispersion modeling, and

assessment of the risks associated with any pollutants found during the monitoring and modeling. 

The decision was made by the Steering Committee to focus initial air toxics evaluation efforts on

the Kenova Industrial Cluster.

This report presents the results of the chronic human health risk assessment and acute effects

evaluation performed using the air monitoring data developed for the Kenova Industrial Cluster

during the 1996 and 1997 sample collection period.  The air monitoring risk assessment focuses

only on direct exposure to airborne contaminants through the inhalation pathway. 

Air sampling efforts during 1996 and 1997 included a year-long air monitoring program utilizing

stationary air samplers, and including a triggered sampler at one location.  Samples from the

stationary air samplers were analyzed for volatile organic compounds, semivolatile organic

compounds, acidic and basic gases and metals.   In addition, five rounds of sampling were

performed by the State of Kentucky mobile laboratory at four locations.  These samples were

analyzed for volatile organic compounds.

Air sampling results were used in two human health evaluations.  Results were integrated into a
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quantitative chronic human health risk assessment which focused on potential long-term, or

chronic impacts to human health from exposure to airborne contaminants.  The chronic human

health risk assessment evaluated carcinogenic risks and non-carcinogenic hazards from exposure

to individual chemicals.  In addition, cumulative carcinogenic risks or non-carcinogenic hazards

were calculated by summing results for individual chemicals to evaluate potential cumulative

impacts.    Air sampling results were also evaluated for potential acute impacts to human health

through a screening-level comparison using established acute screening standards.

Results from the human health risk assessment and acute evaluation were compared to the target

risk levels defined in the Tri-State Geographic Initiative Risk Management Plan (TGI 1997d). 

As defined in the TGI Risk Management Plan, further action will be proposed if any of the

following is true:

• Chronic noncarcinoginic risks are found for any individual pollutant in excess of a hazard

quotient of 1.

• Chronic carcinogenic risks are found for any individual pollutant in excess of a risk level

of 1E-06 (or 1 in 1,000,000)

• Any chemicals are found to exceed their literature-derived acute screening value

In the chronic human health risk assessment, hazard quotients for individual chemicals  in excess

of the threshold of one were obtained for all stationary sampler locations, and for one location

sampled by the mobile lab.

For all locations, calculated chronic carcinogenic risks for at least one chemical were found to

exceed the established carcinogenic target risk level of 1E-06.  This risk level was exceeded at

the majority of sample locations by benzene, chromium, and chloromethane, and at several

locations by arsenic, cadmium, dichloromethane, beryllium, and carbon tetrachloride.

In addition to determining risks or hazards to individual chemicals, this risk assessment also
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calculated the cumulative hazards and risks for each sampling location.  This was performed as a

conservative measure to ensure that risks were fully evaluated, and to provide additional

information to be used in the risk management process.

Short-term (acute) effects of exposure to airborne contaminants can vary significantly from

chronic effects, depending upon the contaminant and its concentration.  Therefore, the potential

for acute health effects from exposure to airborne toxicant releases in the sampling areas was

evaluated in this risk assessment.  Each data point collected during this investigation was

evaluated as a single acute exposure point to determine the potential for adverse acute health

effects. 

To evaluate potential impacts from acute exposure to airborne contaminants, sample data

collected from stationary monitoring stations, including the one triggered sampler located at the

Kenova Fire Station, and from the Kentucky mobile laboratory, were evaluated based upon

comparisons to the selected chemical-specific screening criteria.  Of all of the detected

constituents from the stationary and triggered sample locations, only two were determined to

exceed the selected screening levels: sulfate and sulfur dioxide.  Of the detected constituents

from the mobile laboratory data, no compounds were determined to exceed the selected screening

levels.  The qualitative assessment of acute risks indicated that  sulfate may present a human

health concern in the areas where concentrations routinely exceed screening criteria. 
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1.0     INTRODUCTION

In 1991, Kentucky, West Virginia, Ohio and the United States Environmental Protection Agency

(USEPA) Regions 3, 4, and 5 formed a partnership to study the 2,300 square mile area where the

three states converge.  The mission of the partnership was to ascertain the environmental status in

this Tri-State area and to develop and implement a plan to respond to any problems identified

with existing authorities.  The partners called this mission the Tri-State Multi-Media Geographic

Initiative (now known as The Tri-State Geographic Initiative or TGI).

During project planning, air quality emerged as the top priority.  The Initiative’s Technical

Steering Committee established the Air Toxics Project.  Study of the Tristate area’s air quality

was conceived to consist of three components: air monitoring, air dispersion modeling, and

assessment of the risks associated with any pollutants found during the monitoring and modeling.

The TGI Air Toxics Project is being conducted in several phases due to the extensive size of the

study area, the available resources, and the need to provide adequate monitor coverage for each

individual area.  Six industrial “clusters” have been identified based on the spatial distribution of

industries within the project area.  As discussed in the Tri-State Geographic Initiative Air Toxics

Project- Work Plans (TGI 1997a, b, and c), the six clusters were prioritized based on the results

of a preliminary risk screening effort.  During this effort, the Kenova Industrial Cluster was

identified as the cluster of greatest concern for potential risks resulting from air exposures.  

Therefore, the initial evaluations have focused on the Kenova Industrial Cluster.

This report presents the results of the human health risk assessment and acute effects evaluation

performed using the air monitoring data developed for the Kenova Industrial Cluster during the

1996 and 1997 sample collection period.  The air monitoring risk assessment focuses on direct

exposure to airborne contaminants through the inhalation pathway.  Risk evaluations of the

results of air dispersion modeling are presented in the Tri-State Geographic Initiative Kenova

Industrial Cluster Air Modeling Risk Assessment Report (USEPA 2000).



1-2

1.1 REPORT ORGANIZATION

This report is organized into eight chapters.  This Introduction is Chapter 1.0.  Chapter 2.0,

Background Information, presents an overview of the study area.  Chapter 3.0, Data Evaluation,

discusses data collection, data analysis, data quality assurance and data management.  Chapter

4.0, Human Health Risk Assessment, presents the results of the quantitative human health risk

assessment.  Chapter 5.0, Human Health Acute Effects Evaluation, presents the results of the

screening-level evaluation of potential acute health effects from short term exposure to airborne

contaminants.  Chapter 6.0 presents the conclusions to this report.  References are summarized in

Chapter 7.0.

1.2 STUDY AREA DESCRIPTION

The Tri-State area encompasses six counties in the Ohio River valley, specifically, Greenup and

Boyd counties in Kentucky; Lawrence and Scioto counties in Ohio, and Wayne and Cabell

counties in West Virginia.  Six industrial clusters exist in the Tri-State area; these are the

Portsmouth, Greenup, Ironton, South Point, Kenova and Huntington Clusters.  Figure 1-1 depicts

the six industrial clusters.  The study area for this report is the Kenova Industrial Cluster. 

Monitoring stations for the Kenova Industrial Cluster were selected by preliminary modeling

which focused on finding areas of highest predicted exposure.  Monitoring stations were also

considered for areas that historically had generated large numbers of citizen complaints.  

The Kenova Industrial Cluster was evaluated using six stationary monitoring locations. The

monitoring locations were named Centennial Drive, Corn Field, Kenova Fire Station, Kenova

Water Works, Lockwood Estates, Sweet Run.  A reference monitor was located outside of the

study area in a location that has comparable meteorological conditions and was generally not

within the influence (wind rose) of the major industries within the cluster.  This sampling

location was entitled Webbville.  In addition, data from the State of Kentucky mobile laboratory
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were used in this evaluation.  Mobile laboratory data were collected from three of the stationary

monitoring locations (Corn Field, Kenova Fire Station and Kenova Water Works) and an

additional station located in South Point, Ohio.  Figure 1-2 depicts all of the Kenova Industrial

Cluster monitoring locations and their proximity to industrial locations.  Figures 1-3 through 1-8

depict the locations of the monitoring stations on detailed maps.

1.3 GOALS AND OBJECTIVES

The objective of this phase of the Tri-State Geographic Initiative is to provide a quantitative

estimate of risk posed to human health through direct exposure to target air pollutants.  A further

objective of this phase is to qualitatively evaluate acute risks to human health from exposure to

airborne contaminants.  

This risk assessment uses information from ambient air quality monitoring described in other

work plans (TGI 1997a, b, and c).  The goal of the risk assessment is to provide information on

risk that the Federal, State, local governments and other stakeholders can utilize in sound

decision-making.



FIGURE 1-1
TRI-STATE STUDY AREA

Tri-State Geographic Initiative

Scale  1" = 11.11 mi.

Source:  Tri-State Geographic Initiative — Air Toxics Monitoring Plan (TGI 1996)



Red dots represent Tri-State Initiative air monitoring locations.
Blue rectangles represent industries.

FIGURE 1-2
STUDY AREA AND BACKGROUND

MONITORING LOCATION

Tri-State Geographic Initiative
Not to Scale

Source: USEPA Website (http://www.epa.gov/ARD-R5/tristate/monitor.htm)



Arrows point to sampling locations:
� Kenova Water Plant
� Lockwood Estates

FIGURE 1-3
KENOVA WATER PLANT AND

LOCKWOOD ESTATES

MONITORING LOCATIONS

Tri-State Geographic Initiative

Not to Scale

Source: USGS Quad map for Burnaugh, WV and KY (1972)



Arrows point to sampling locations:
� Kenova Fire Station
� Centennial Drive
� Corn Field

FIGURE 1-4
KENOVA FIRE STATION, CENTENNIAL

DRIVE, AND CORN FIELD

MONITORING LOCATIONS

Tri-State Geographic Initiative

Not to Scale

Source: USGS Quad Map for Catlettsburg, KY — Ohio — W. VA (1985)



Arrows point to sampling locations:
� Sweet Run

FIGURE 1-5
SWEET RUN

MONITORING STATION

Tri-State Geographic Initiative

Not to Scale

Source: USGS Quad map for Burnaugh, WV and KY (1972)



FIGURE 1-6
WEBBVILLE, KY AREA

Tri-State Geographic Initiative

Not to Scale
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FIGURE 1-7
WEBBVILLE MONITORING

LOCATION

Tri-State Geographic Initiative
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Source: USGS Quad Map for Webbville, KY as obtained from Topozone.com (March 2000)



FIGURE 1-8
SOUTH POINT ETHANOL

MOBILE STATION

Tri-State Geographic Initiative
Scale: 1:24,000
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Source: USGS Quad Map for Catlettsburg, KY — Ohio — W. VA (1985)
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2.0     BACKGROUND INFORMATION

2.1  GENERAL GEOGRAPHIC DESCRIPTION

The Tri-State study area is located where the states of Kentucky, Ohio, and West Virginia meet. 

It  comprises the Kentucky counties of Boyd and Greenup; the Ohio counties of  Scioto and

Lawrence; and the West Virginia counties of Wayne and Cabell.  The area is located at the

confluence of the Ohio and Big Sandy Rivers with a typical river valley topography that strongly

influences the meteorology of the area.  Generally calm wind conditions limit the distribution

and dilution of pollutants in the atmosphere (TGI 1997a).  

2.2  PREVIOUS INVESTIGATIONS

Ambient air has been identified as a medium of concern in the TGI study area by state and

federal agencies, and by local citizens (TGI 1997c).  Concerns over air quality have arisen

because of  the significant number of industrial accidents involving  air releases of hazardous air

pollutants,  the meteorology of the area, the amount of air emissions reported to the Toxic

Release Inventory (TRI) by Tri-State area industries, relative to emissions to other media, and

number and frequency of air quality-related complaints by the citizens of the area.  Tri-State area

citizens have expressed more concern about air pollution than about other environmental issues. 

Between 1983 and 1988, regulatory agencies received more than 800 air-related complaints from

citizens in the Tri-State area (TGI 1997a).

Previous investigations into air quality concerns have included an epidemiological study

(USEPA Region 4 1992), a survey of citizen’s air quality-related concerns (USEPA 1989c), and

an air quality study that focused on historic air monitoring data (USEPA 1990c).  Results from

these studies indicated that air emissions from a variety of sources have occurred in the Tri-State

area over many years and that health-related effects may have resulted from exposure to the air

emissions in the Tri-State area.
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2.3  LAND USE

Population and industry in the study area are concentrated in two river valleys: the Lower Ohio

River Valley and the Big Sandy River Valley.  High intensity development such as heavy

industry is approximately 11% of the Lower Ohio River Valley while high intensity development

is approximately 1% in the Big Sandy River Valley.  A number of heavy industries are located

within the study area, and generally within the river valleys.  Many of these industries date back

prior to World War II.  These industries are predominately metallurgical or petrochemical in

nature (TGI 1997a).  Example industries in Wayne County West Virginia are Aristech Chemical

Corporation and Ashland Chemical Incorporated.  Ashland Petroleum Corporation and Calgon

Corporation are example industries in Boyd County Kentucky.  Emissions from these four

industries were used in the air modeling study for the Kenova Industrial Cluster (USEPA Region

5, 2000).

Low intensity development, which includes single-family home residential land use, comprises

16% of the Lower Ohio River Valley and 2% of the Big Sandy River Valley.  The percentage of

agricultural land uses in the Kenova Industrial Cluster ranges from 4 to 17%.  Natural landscapes

include wetland and forested areas.  Approximately 6% of the Lower Ohio River Valley is

wetland while only approximately 2% of the Big Sandy River Valley is wetland.  Forested areas

comprise approximately 5% of the Lower Ohio River Valley and approximately 77% of the Big

Sandy River Valley (TGI 1997a).

The major population centers within the TGI study area are Ashland, KY; Huntington, WV; and

Ironton, OH.  Other towns of significant interest to the study include Catlettsburg, KY; Kenova

and Ceredo, WV; and South Point, OH (TGI 1997a).
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3.0     DATA EVALUATION

This section discusses the data collection and data management aspects of the Tri-State air risk

assessment.  The data collection process is discussed in detail in the TGI Air Toxics Monitoring

Project Plan (TGI 1997a).

3.1 DATA COLLECTION

Data included in the risk assessment were collected by the USEPA and the State of Kentucky. 

As discussed in TGI’s Air Toxics Monitoring Project Plan (TGI 1997a), air samples were

analyzed by Kentucky’s Environmental Services Division for volatile organic compounds and

acidic and basic gases, contract laboratories to Kentucky’s Environmental Services Division for

semivolatile organic compounds or the West Virginia Office of Air Quality for metals.  Data

from the labs were summarized into electronic forms as discussed in TGI (1997a), and provided

to the risk assessment group.  All data were validated as specified in the risk assessment work

plan (TGI 1997c).  The hard copy sample forms and analysis forms are being maintained at the

Kentucky Division for Air Quality office in Frankfort, Kentucky (TGI 1997a).  Data used in this

risk assessment are presented in Appendix A.

3.2 COLLECTION AND ANALYSIS OF DATA FROM STATIONARY SAMPLERS

Data were collected from six stationary monitoring locations in the Kenova Industrial Cluster

plus one additional stationary monitoring location near Webbville, Kentucky.  The Webbville,

Kentucky location was considered to be in a different “air-shed” and was thought to represent

ambient air conditions in the general surroundings.  The sampling locations were chosen based

on preliminary air dispersion modeling results of emissions and on the locations of population

centers.  Criteria used in selecting monitoring locations are detailed in the Air Toxics Monitoring

Project Plan (TGI 1997a).  
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Sampling locations are identified on Figure 1-2 and have been entitled Centennial Drive, Corn

Field, Kenova Fire Station, Kenova Water Works, Lockwood Estates, and Sweet Run based on

the general vicinity in which the sampler was located.  Air monitors were located 2 meters above

ground level, a height selected to be representative of human exposure.  Air sampling from

stationary samplers was conducted over a 24-hour period.  Chemical concentrations, therefore,

represented daily averages.  Air sampling from the State of Kentucky mobile laboratory was

conducted hourly.  Chemical concentrations, therefore, represent hourly averages.  Samples at

stationary sampler locations were taken approximately every 12 days.  Samples taken at each

location are summarized in Table 3-1.  This table presents the types of analytes sampled at each

location, the sampling duration (e.g. one hour versus 24 hour) and whether samples were used in

the chronic risk analysis, acute risk analysis or both.

The air monitoring strategy focused on conducting monitoring for chemicals that pose the

greatest threat to public health and the environment.  An additional goal was to build upon

previous air toxics monitoring efforts that had occurred in the Tri-State area.  Based upon these

factors, four types of analytes were selected for evaluation (TGI 1997a).  Samples from the

stationary samplers were analyzed for:

� Volatile organic compounds (VOCs)

� Semi-volatile organic compounds (extractable Organics)

� Inorganic acids and bases

� Metals

Volatile organic compound (VOC) samples were collected in six-liter electropolished SUMMA®

canisters.  The sampling conformed to method TO-14 of the U.S.  EPA Compendium of Methods

for the Determination of Toxic Organic Compounds in Ambient Air (USEPA 1997a). 

Semivolatile organic compound (SVOC) samples were collected using high volume

polyurethane foam  (PUF) samplers.  Sampling conformed to method TO-13 of the Compendium

of Methods for the Determination of Toxic Organic Compounds in Ambient Air (USEPA 1997a).  
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Inorganic acidic and basic gases, and associated acidic and basic particulate material, were

sampled using annular denuder techniques.  Sampling was guided by Compendium Chapter IP-9,

Determination of Reactive Acidic and Basic Gases and Particulate Matter in Indoor Air (EPA

1991a), written by the Atmospheric Research and Exposure Assessment Laboratory, U.S.  EPA.  

Metals were sampled using a high volume sampler, as specified in 40 CFR 50, Appendix B and

Appendix G, the reference method for lead.   The method collects metals as particulates only. 

Gaseous forms are not captured by this sampling method.  Incidental measurements of total

particulate material were collected by the method but are not included in this risk assessment. 

Samples of VOCs collected using SUMMA canisters (or SUMMA samples) and inorganic acidic

and basic gases (Annular Denuder samples) were collected from August 1996 though July 1997.  

Semivolatile samples from PUF samplers were collected from June 1996 to July 1997.  Metals

and suspended particulates were collected from June 1996 to July 1997.

Additional samples of peak concentrations of volatile compounds were taken at the Kenova Fire

Station location using a triggering device to turn sample collection of SUMMA canisters on and

off.  The triggered sampler was co-located at the Kenova Fire Station location for the study

area’s proximity to industries likely to release VOCs, and to accommodate the need to

continually monitor this sampler.  This device was triggered by sharp increases or decreases in

concentrations of organic compounds.  Once triggered, samples were collected for a 24-hour

period.  Triggered samples were collected 22 times between September 1996 and May 1997. 

3.3 COLLECTION AND ANALYSIS OF DATA FROM MOBILE LABORATORY 

Mobile lab samples were taken at three of the stationary sampler locations: the Corn Field study

area, the Kenova Fire Station, and the Kenova Water Works.  An additional mobile study area

was located at the Southpoint Ethanol facility.  A gas chromatograph/mass spectrometer was

deployed to conduct real-time continuous VOC sampling.  Air sampling using the mobile
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laboratory was conducted by Kentucky’s Environmental Services Division.  All sampling and

analysis procedures were conducted in accordance with the Kentucky Division for Air Quality’s

quality assurance program, as published in the Division’s Air Quality Monitoring and Quality

Assurance Manual (State of Kentucky, Division of Air Quality 1995).  Sampling periods and

locations were selected by the Kentucky Environmental Services Division.

Mobile lab sampling at the Corn Field study area occurred from April 30, 1997 to May 26, 1997. 

Two rounds of mobile lab samples were collected from the Kenova Fire Station from October 16,

1996 to November 7, 1996, and from April 2, 1997 to April 24, 1997.  Sampling occurred at the

Kenova Water Works from March 12, 1997 to April 1, 1997.  Sampling occurred in the vicinity

of the Southpoint Ethanol facility from May 30, 1997 to July 11, 1997.   

3.4 COMPARISON OF SAMPLER PERFORMANCE

Data were collected from stationary samplers, triggered samplers and by a mobile lab.  The

comparison of the results from the triggered samplers and from the mobile lab to the stationary

samplers reveals some differences between methods but, overall, suggests that the stationary

sampler data is accurate.

In comparing the results of the data collected by the triggered sampler to the stationary sampler

data at the Kenova Fire Station, the following were noted:

• Dichlorodifluoromethane and chloromethane- these chemicals were detected at similar

concentrations when collected on or about the same times by the two samplers.  Both

were detected throughout the monitoring period.

• Trichlorofluoromethane and carbon disulfide- these chemicals were detected at

moderately high concentrations on one date by the triggered sampler but were not

detected by the stationary sampler on that date.
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• Benzene, toluene, ethylbenzene and xylenes (BTEX)- BTEX were detected at higher

concentrations by the triggered sampler than by the stationary SUMMA sampler for the

same sampling period.  However, the number of detected values is similar between the

two samplers.

• Naphthalene- Naphthalene was detected throughout the monitoring period by the

triggered sampler, but only twice by the stationary SUMMA sampler.

These results indicated that lighter molecular weight VOCs were detected at relatively the same

frequency and at the same concentrations by both samplers.  However, heavier weight VOCs

were detected at greater frequency and/or at higher concentrations by the trigger sampler.  This

would suggest that the data from the long-term stationary SUMMA sampler may slightly

underestimate these heavier fraction VOCs.

It is difficult to compare the results between the stationary SUMMA samplers and the Mobile lab

data owing to the fact that few SUMMA samples were taken during any particular Mobile lab

sampling event.  The Mobile lab data were collected daily for a more concentrated period of

time.  SUMMA sampling extended over a much greater period of time, with sampling at

approximately two week intervals.  Therefore, the SUMMA data are more of “snapshots”in time

versus the mobile lab data, which demonstrates a daily trend, but only for a short period.

In general, it appeared that the Mobile lab methods were more sensitive than the SUMMA

sampler.  However, maximum concentrations of both light and heavy molecular weight

compounds appeared similar between the two methods.
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3.5 TREATMENT OF POLLUTANTS REGULATED BY NATIONAL AMBIENT

AIR QUALITY STANDARDS

The Clean air Act of 1970 mandated that the USEPA establish air quality standards for pollutants

that may harm the public health and welfare.  The agency has set National Ambient Air Quality

Standards (NAAQS) for six major pollutants, called criteria pollutants.  Two analytes detected in

the monitoring program for this study are regulated under the NAAQS, sulfur dioxide and lead. 

The primary health standards for sulfur dioxide include an annual arithmetic mean concentration

of 80 ug/m3 and a 24-hour average concentration of 365 ug/m3.  The primary health standards for

lead represents a maximum quarterly average of 1.5 ug/m3.

Pollutants regulated by the NAAQS will not be included for evaluation in the chronic human

health risk assessment or acute human health risk evaluation included in this report.  However, it

is appropriate to compare the concentration of the criteria pollutants to their establish NAAQS as

an evaluation of potential health effects from these chemicals.  This comparison is presented

below:

Criteria

Pollutant

NAAQS

(ug/m3)

Averaging

Time of

Standard

Maximum Value Detected

From All Monitoring

Stations

(ug/m3)

Averaging

Time of

Sample

Does Maximum

Exceed

NAAQS?

Sulfur

Dioxide

80 Annual 35.2 24 hour No

Sulfur

Dioxide

365 24 hour 35.2 24 hour No

Lead 1.5 3 month 0.12 24 hour No

As shown, the NAAQSs for sulfur dioxide and lead were not exceeded by any sample collected

in the Kenova Industrial Cluster air monitoring study. 
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4.0     HUMAN HEALTH RISK ASSESSMENT

4.1 INTRODUCTION

The risk assessment consists of five major components:

� Data Evaluation

� Exposure Assessment

� Toxicity Assessment

� Risk Characterization

� Uncertainty Analysis

Data usability, data quality and selection of contaminants of potential concern (COPC) are

discussed in Section 4.2, Data Evaluation.  Section 4.3, Exposure Assessment, identifies

potential receptor populations and exposure pathways by which receptors may come in contact

with contaminants at the location.  Equations and exposure input parameters used to estimate

chemical intakes are also provided in this section.  Section 4.4, Toxicity Assessment, presents the

chemical-specific toxicity criteria for the identified COPCs which are used to quantify potential

human risks.  Section 4.5, Risk Characterization, provides the calculated noncarcinogenic and 

carcinogenic risks for each receptor.  Total risks are also summarized by receptor where relevant. 

A discussion of uncertainties is presented in Section 4.6.  A discussion of other aspects evaluated

in the risk assessment is presented in Section 4.7.

The majority of the tables included in this section are analogous to the standard tables required

by the recent Risk Assessment Guidance for Superfund: Part D (RAGS Part D) (USEPA 1998). 

Data fields included in the tables presented in this risk assessment include the majority of data

fields specified in the RAGS Part D guidance.  This risk assessment report is structured as

described in RAGS Part D.  
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4.1.1 Objectives

The objective of the human health risk assessment of the Tri-State Geographic Initiative Air

Toxics program is to provide a quantitative estimate of risk posed to humans through inhalation

of  target air pollutants.  

4.1.2 Methodology

To assess potential public health risks, three major aspects of chemical contamination and

exposure must be considered: 1) The presence of chemicals with toxic characteristics; 2) The

existence of pathways by which human receptors may contact site-related chemicals; and 3) The

presence of human receptors.  The absence of any of these three aspects would result in an

incomplete exposure pathway and an absence of quantifiable risk.

An overview of the media, pathways and receptors to be evaluated in this risk assessment is

provided in Table 4.4-1.  Subsequent sections will provide justification and additional detail for

each data element presented in this table.

The Human Health Risk Assessment (HHRA) was performed following guidelines specified in

the following documents:

 

• Risk Assessment Guidance for Superfund, Volumes I and II, Part A (USEPA, 1989)

• Office of Solid Waste and Emergency Response Directive 9355.7-04 Memorandum

(USEPA, 1995)

• Standard Default Exposure Factors (USEPA, 1991b)

• Exposure Factors Handbook (USEPA, 1997b)

• Supplemental Guidance to RAGS: Calculating the Concentration Term (USEPA, 1992a)

In addition, two project specific work plans were developed in support of this risk assessment. 

The TGI Air Risk Assessment Work Plan (TGI 1997c) was developed to provide general
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guidance to be used when developing the Cluster-specific risk assessments.  A project specific

work plan, the Tri-State Geographic Initiative Air Risk Assessment Implementation Plan

(USEPA,  Region 3 1997) was developed specifically for the Kenova Industrial Cluster air risk

assessment project.  

4.2  DATA EVALUATION

The goal of the data evaluation step of a human health risk assessment is to develop a list of

COPCs for each environmental medium under consideration.  This process involves determining

what data are present, determining if  the existing data is of suitable quality and quantity to

include in a risk assessment, developing a list of screening criteria by which chemicals not

anticipated to contribute significantly to the risk assessment may be eliminated, and finally

developing a list of medium specific COPCs.

4.2.1  Data Usability

Data were validated in accordance with the TGI Air Risk Assessment Work Plan (TGI 1997c). 

Data sets were developed by the States of West Virginia and Kentucky for the results of the air

monitoring and air mobile lab sampling efforts.  These data were used to develop exposure point

concentrations (EPCs) for the seven air monitoring locations and the four air mobile lab

sampling locations.  

For one monitoring location, the Corn Field location, air samples were collected in duplicate. 

The results of the duplicate samples were compared and found to be similar.  These results

indicate that the methods used for the collection of air samples were precise.  Therefore, these

results were averaged for each sampling date to develop the EPC for the Corn Field location. 

Screening for chemicals of potential concern was performed on the maximum concentration

found in either duplicate sample.

The detection limits achieved for study area samples was compared to associated screening
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values to determine if methods used were sufficiently robust to meet the data quality objectives

for this risk assessment.  For SVOCs and inorganic acidic and basic gases, detection limits were

lower than associated risk-based screening concentrations (RBCs) indicating a good match

between the detection limits obtained and the data quality needed for this risk assessment.  

For VOCs, the detection limit for the stationary sampler data was 2.0 ug/m3.  RBCs for some

compounds were slightly lower than the stationary detection limit.  The RBCs exceeded the

detection limits for VOCs by less than one order of magnitude  for six compounds, including

benzene, bromoform, bromomethane, chloromethane, naphthalene, 1,2,4-trimethylbenzene and

1,2,5-trimethylbenzene.   The detection limit for VOCs in the mobile data was 1.0 ug/m3.  The

RBCs exceeded the detection limits for VOCs by less than one order of magnitude for eight

compounds including benzene, bromomethane, carbon tetrachloride, 1,4-dichlorobenzene, 

hexachlorobutadiene, naphthalene, 1,2,4-trimethylbenzene and 1,2,5-trimethylbenzene.  This

may have resulted in compounds with concentrations that were slightly greater than RBCs being

reported as non-detected values and in some instances excluded from the risk assessment.  

Uncertainties associated with this data limitation will be discussed in the uncertainty section.  

For three metals, arsenic, cadmium, and chromium, the detection limits obtained were one to two

orders of magnitude greater than the associated RBCs.  Given the extremely low concentrations

of the RBCs for these metals, it would not have been possible to obtain sufficiently low detection

limits regardless of the sampling or analytical methods used.  This may have resulted in

compounds with concentrations that were slightly greater than RBCs being reported as non-

detected values and in some instances excluded from the risk assessment.  Uncertainties

associated with this data limitation will be discussed in the uncertainty section.  

Three samples for VOCs were collected and included with the data set for the Kenova Industrial

Cluster to verify procedures used by the State of Kentucky Office of Air Quality’s internal

operations including the zero air supply in use in 1996 and 1997.  The system check samples

were not used to qualify data during data validation for this project since neither the sample

canisters not the field samplers were used in the same fashion or stored in the vicinity of the
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system check samples (Larry Garrison, KY Office of Air Quality pers. com., 2000).  The system

check samples were not used as samples in the analysis of data from the seven stationary

monitoring locations .  

4.2.2 Data Summary and Analysis

Summary tables for each monitoring location were prepared.  Data for all samples collected at

each station were grouped into either the stationary sampling data set or the mobile sampling

data set for each location.  Data from stationary samplers and the mobile lab that were collected

at the same location were not combined.  Combining data sets was not feasible because

stationary sampler data were collected over a 24-hour period while mobile samples were

collected in discreet one hour sampling periods.  Because the triggered sample data were

collected in a 24-hour sample, these data were included in the data set for Kenova Fire Station, as

specified in the Implementation Plan for this risk assessment (USEPA Region 3, 1997).

The following steps, which are in accordance with USEPA’s Risk Assessment Guidance for

Superfund (RAGS) (1989a), were used to summarize the analytical data for this human health

risk assessment:

1. Results qualified as rejected (R-qualified) were  not included in the data summary.  Data

qualified as estimated (e.g., J-qualified) were used in the risk assessment with no

modification to the presented sample result.

2. Results qualified as blank contaminated (e.g., B-qualified) were included in the data at a

surrogate concentration of one-half the sample specific quantitation limit for that

compound.

3. For all analyses that include non-detected results, such as determination of the

distributional type or calculation of the exposure point concentration, a value of one-half

the sample specific quantitation limit was used as a surrogate value for non-detected
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results. 

4. No information on laboratory duplicates was available.  Therefore, laboratory duplicate

results were not considered in this risk assessment.  Field duplicates were collected at the

Corn Field study area only.  The maximum concentration for this location was

determined using all data points for both co-located samplers and was used in the

selection of chemicals of potential concern from this site.  Data from duplicate field

samplers at the Corn Field study area, where samplers were co-located, were then

averaged for each sampling date to determine the concentration of each data point before

the calculation of the exposure point concentration.  The exposure point concentration for

the Corn Field study area was determined using the averaged data points. 

4.2.3  Selection of Chemicals of Potential Concern

USEPA guidance (USEPA 1989a) recommends focusing the risk assessment by quantifying risk

only for a select list of chemicals of potential concern (COPCs) at a site.  These chemicals, which

are a subset of all detected chemicals in a given medium, are defined as those chemicals likely to

drive the overall potential risks for a site.

For the purposes of this risk assessment, COPCs for a particular medium are limited to those

chemicals that exceed a selected risk-based screening criterion.  USEPA Region 3 has developed

a database of risk-based concentrations (RBCs) for the inhalation pathway.  For chemicals

present in air, the Region 3 RBCs were used as screening values where available.  In several

instances where precise Region 3 RBCs were lacking, the RBC for a structurally similar

surrogate was used as a screening value.  An on-line version of this database (as of April 2000)

was consulted to obtain screening values.  All screening was performed at a carcinogenic risk

level of 1E-6 and a hazard quotient level for noncarcinogens of 0.1.

Region 3 RBCs have not been developed for all chemicals.  If no RBC was available for a

chemical, that chemical was not included as a COPC for the quantitative risk assessment unless
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published toxicity values were available in EPA’s Integrated Risk Information System (IRIS)

(USEPA 2000), EPA’s Health Effects Assessment Summary Tables (HEAST) (USEPA 1997), or

in EPA’s National Center For Environmental Assessment (NCEA) lists of provisional toxicity

values.  Risks from exposure to chemicals lacking RBCs and toxicity values are discussed

qualitatively in the uncertainty section. 

As discussed in Section 4.2.1, detection limits for several VOCs and metals exceeded RBC

concentrations.  Where positively detected values for any of these chemicals exceeded RBCs, the

chemicals were retained as COPCs.  However, if no positively detected values exceeded RBCs or

if all results were non-detected values, these chemicals were not included as COPCs.  The

uncertainties with this decision rule will be discussed in the uncertainty section.

Additional screening criteria such as frequency of detection, and comparisons to background

concentrations were not applied during COPC selection in this risk assessment. 

Four inorganic analytes, calcium, magnesium, potassium and sodium, are considered to be

essential nutrients when ingested  (USEPA, Region 4 1995, USEPA 1989a), and are typically,

excluded from the quantitative analysis of risk for this pathway.  Given the lack of oral or

inhalation reference does for these chemicals, inhalation exposure will likewise not be evaluated

in this risk assessment.  However, the effect of omitting these chemicals from the quantitative

risk analysis will be discussed in the uncertainty section of this report.

Tables 4.2-1 though 4.2-11 summarize the COPC screening results for each location.
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4.3  EXPOSURE ASSESSMENT

The risk assessment presented in this report focuses on direct human exposure via the inhalation

pathway.  A conceptual site model for the exposure pathways to be assessed is presented in

Figure 4-1.  A discussion of land use and receptor characteristics was provided in Chapter 2.

The purpose of the exposure assessment is to predict the magnitude and frequency of potential

human exposure to each of the compounds included in the risk assessment.  In accordance with

U.S.  EPA guidance (USEPA 1989a) a reasonable maximum exposure (RME) scenario was

performed in this risk assessment.  Upper-bound estimates of exposure were used in the RME

scenario to insure the protection of human health.  Also, in accordance with USEPA guidance,

average exposures were quantified in this assessment.  This central tendency (CT) evaluation is

provided to provide an estimate of the risks associated with average exposures to COPCs at each

location in question.

4.3.1 Conceptual Site Model and Potential Exposure Routes

This section discusses the conceptual site model for the TGI air risk assessment.  A conceptual

site model facilitates consistent and comprehensive evaluation of the potential risks to human

health by creating a frame work for identifying the pathways by which human receptors may

come in contact with contaminated media resulting from the source area.  It depicts the

relationships between the following elements, which are necessary for defining complete

exposure pathways:

• Site sources of contamination

• COPCs in environmental media 

• Contaminant release mechanisms 

• Contaminant transport pathways

• Exposure mechanisms and exposure routes

• Potential receptors
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The conceptual site model for this risk assessment is provided in Figure 4-1.  As shown in the 

model, hazardous air pollutants are emitted to ambient air and transferred to human receptors

such as adult or child-age residents.  The direct exposure pathway for this medium is the

inhalation pathway.  Other pathways for exposure to airborne contaminants exist.  An example

includes the dermal contact pathway.  As discussed in RAGS (USEPA 1989a), dermal absorption

of vapor phase chemicals is considered to be lower than inhalation intakes in many instances and

generally is not considered in exposure assessments.  This risk assessment includes an

assessment of the inhalation pathway only.  There is potential for human exposure to hazardous

air pollutants though indirect pathways such as deposition to soil followed by the incidental

ingestion of soils by human receptors.  This risk assessment will not assess indirect pathways. 

4.3.2 Potential Receptors and Exposure Pathways

Potential receptors were identified for existing land use conditions.  The receptors were identified

by analyzing the interaction of current land use practices and identifying sources of

contamination.

Current receptors included both adult and child residential receptors.  Residents currently live in

close proximity to all sampling locations (Environmental Systems Research Institute, Inc.

(ESRI)1998. Data and Maps CD-ROM).  A residential receptor was selected for evaluation as it

represents the receptor that would be expected to be most protective of human health.  Table 4.1-

1 summarizes the receptors evaluated in this risk assessment.  

4.3.3 Quantification of Exposure  

Estimates of exposure are based on the contaminant’s concentrations at the exposure point and

on scenario-specific assumptions and intake parameters.  The models and equations used to

quantify intakes are described in this section and have been obtained from a variety of USEPA

guidance documents which are cited in the specific intake estimation sections that follow.
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4.3.3.1 Determination of Exposure Point Concentrations

To quantitatively evaluate the risks to exposed individuals from a selected environmental

medium, concentrations of the COPCs in that medium must be determined.  The concentration of

the COPC calculated is referred to as the exposure point concentration (EPC).   Ideally, the

exposure point concentration should be the true mean concentration to which an individual is

exposed.  However, it is generally not possible to calculate this value since only a sample from a

population is available.  Therefore, calculation of the EPC was  performed as recommended in

EPA guidance (USEPA 1992a).  

As a conservative estimator of the mean, the 95% UCL of the mean was calculated for each

COPC based on the methodology presented in USEPA (1992a) which follows Gilbert (1987). 

Data sets were tested for normality.  If data sets failed the normality test, they were assumed to

be lognormal. 

The assumption that non-normally distributed data may be treated as lognormal is commonly

done in risk assessments, and represents a conservative approach to calculating exposure point

concentrations.  Typically, the 95% UCL of the mean of a data set evaluated as a nonparametric

distribution is less than the 95% UCL of the mean for the same data set evaluated as a lognormal

distribution using the H-statistic method from Gilbert (1987).  Several recent publications have

discussed this issue (Schulz and Griffin 1999; Singh, Singh and Engelhardt 1997).   Air

monitoring data are typically lognormally distributed, and the treatment of air monitoring data as

lognormal is in keeping with assumptions applied in air modeling.  In air modeling, pollutant

data sets from continuously emitting sources such as automobiles and gasoline stations are

typically assumed to exhibit a Gaussian distribution in the horizontal and vertical directions

(USEPA 1993).  Some uncertainty exists with this assumption since it is possible that there may

be non-continuous sources with sporadic emissions which influence the distribution type of the

data.  However, assuming that air monitoring data are lognormally distributed unless

demonstrated to be normal results in the calculation of conservative exposure point

concentrations which is the preferred approach in the calculation of exposure point
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concentrations (EPA 1989a).

The appropriate 95% UCL of the mean was calculated for the type of distribution determined. 

Under reasonable maximum exposure (RME) scenarios, guidance provided by the USEPA

recommends the use of the lower of either the 95% UCL of the mean or the maximum

concentration (USEPA 1992a, USEPA Region IV 1995) as the EPC for each COPC.  The actual

EPC selected was determined on this basis.  The statistical summary of the data sets used in this

risk assessment is presented in Appendix B.

Some analytes were not positively detected in every sample at every monitoring point.  However, 

it is necessary to consider the non-detected results together with the detected results of a

chemical in order to most accurately represent the conditions at the site.  In accordance with

USEPA’s Risk Assessment Guidance for Superfund (RAGS) (1989a), all analyses that included

non-detected results, such as determination of the distributional type or calculation of the

exposure point concentration, a value of one-half the detection limit was used as a surrogate

value for non-detected results.   

Use of one-half of the detection limit as a surrogate value for non-detected results does include a

degree of uncertainty.  As explained in RAGS, chemicals may or may not be present below the

reportable limit.  The chemical may be present just below the reportable limit or it may not be

present at all.  If site-specific information indicates that a chemical may be present at a

concentration closer to the value of the detection limit, then the detection limit itself may be used

as a surrogate value.  Subsequently, if site-specific information indicates that a chemical is likely

not present then a zero value may be used.  However, if there is reason to believe that the

chemical is present at some concentration below the reporting limit, RAGS recommends the use

of one-half the reporting limit as a surrogate value.

EPCs were developed in this risk assessment for the seven stationary monitoring locations, and

four locations sampled by the mobile lab.  The data sets used for each location were discussed in

Section 4.2.2.  EPC determination for the Kenova Fire Station-Stationary sampler also included



4-12

data collected by the triggered samplers.  Because the triggered sample data were collected in a

24-hour sample, these data were included in the data set for Kenova Fire Station, as specified in

the Implementation Plan for this risk assessment (USEPA Region 3, 1997).   

For one monitoring location, the Corn Field location, air samples were collected in duplicate. 

The results of the duplicate samples were compared and found to be similar.  These results

indicate that the methods used for the collection of air samples were precise.  Therefore,

following COPC screening using the maximum detected value in both duplicate samples, these

results were averaged for each sampling date to develop the EPCs for the Corn Field location.

The EPCs used in this risk assessment are included in Tables 4.3-1 though 4.3-11.   As per EPA

federal and regional guidance the EPCs used for the CT exposure evaluation were not varied

from those used for the RME evaluation (USEPA 1992, USEPA, Region 4 1995).

4.3.3.2 Exposure Parameters and Intake Equations

In any given population, exposure is most accurately described by a distribution of intakes.  A

distribution arises due to, among other things, variation among individuals  in exposure

parameters.  For example, in a group of exposed individuals, there will be a distribution of

breathing rates, body weights, etc. which lead to different amounts of exposure for different

people.  There may also be uncertainty in the exposure distribution due to such factors as

measurement inaccuracies and model errors.

To communicate this inherent variability and uncertainty,  USEPA guidelines recommend that

risk assessments should include, where possible, “average” or “central tendency” evaluations of

exposure and risk as well as a “high end,” and “upper bound” exposure and risk estimates

(USEPA 1989a).  This study evaluated both a central tendency as well as a highly exposed

residential scenario for a child and an adult residential receptors. 

To calculate exposure and risk for a highly exposed individual, a high-end estimate of exposure
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was developed by using maximum or near maximum values1 for one or more sensitive exposure

factors while leaving others at their mean value (USEPA 1991, USEPA 1997b).  Performing the

risk assessment in this fashion resulted in a high end descriptor of exposure and risk that is

conservative, but is not likely to be higher than the highest exposure for the population in

question.  These risks have been summarized in Section 4.5.  

Exposure factors include exposure frequency, exposure duration, inhalation rate and averaging

time for the selected receptor.  All receptors, lifetime resident, adult resident and child resident

were assumed to have an exposure frequency of 350 days per year, assuming travel away from

the area for approximately two weeks per year.  The lifetime receptor represented a resident

living in the Kenova area for a total of 30 years (i.e. a 30 year exposure duration).  This value

represents the upper end value for a resident residing in one location.   The exposure duration for

the adult and child receptor was 24 years and 6 years respectively.  Note that these values sum to

the 30 year exposure duration of the lifetime receptor.  The inhalation rates for the adult and

child receptors were derived from standard EPA sources and equaled the upper end rate of

inhalation for adults and children.  Averaging time was based on the exposure duration for

noncarcinogenic effects.  The Averaging time was established at 70 years for carcinogenic effects

based on the assumption that an average human life-span is approximately 70 years.  

To calculate exposure and risk for a more average individual, exposure parameters were set at

more central tendency (CT) values.  Exposure parameters used in the CT evaluation were derived

from average values presented in EPA’s Exposure Factors Handbook (USEPA 1997b).  These

risks have been summarized in Appendix C.

In the Central Tendency evaluation, all receptors, lifetime resident, adult resident and child

resident were assumed to have an exposure frequency of 350 days per year, assuming travel away

from the area for approximately two weeks per year.  The lifetime receptor represented a resident
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living in the Kenova area for a total of 15 years (i.e. a 15 year exposure duration).  The exposure

duration for the adult and child receptor was 9 years and 6 years respectively.  Note that these

values sum to the 15 year exposure duration of the lifetime receptor.  These values were

developed based on the average time that a resident spends in one dwelling which is equal to 9

years (USEPA 1997b).  The inhalation rates for the adult and child receptors were derived from

standard EPA sources and equaled the average rate of inhalation for adults and children.  The

inhalation value used for children was the inhalation rate for 3 to 6 year old children.  This value

was used in preference to an inhalation rate for 0 to 6 year old children as a conservative estimate

of the average child’s inhalation rate.  It was felt that the inhalation rate for 0 to 2 year old

children was not sufficiently conservative for use in this risk assessment.  Averaging time was

based on the exposure duration for noncarcinogenic effects.  The averaging time was established

at 70 years for carcinogenic effects based on the assumption that an average human life-span is

approximately 70 years.  

Calculation of  intake factors or the daily dose for each chemical and receptor was performed. 

The intake factors are equivalent to the daily dose of each chemical for each receptor on a mass-

equivalence basis.  The formula for the intake calculation for the air inhalation pathway is

presented below.  Intake values for adult and child receptors for carcinogenic chemicals were

calculated separately, then combined into total lifetime intake values.  This method provides

results identical to those obtained from the calculation of incremental lifetime risks though

development of age-adjusted factors, improves the ease of spreadsheet verification and is,

therefore, the preferred method.

The following intake equation was applied to determine intakes for the receptors exposed to

ambient air (resident adults and resident children).

Inhalation of ambient air

In take dose m g kg d a y
C E F E D IH R C F

B W A T or A T
a ir

c n
( ) ( / )

/
( )− = × × × ×

× ×
1 3
365
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Where:

Cair = Chemical Concentration in air (µg/m3)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

IHR = Inhalation Rate (m3/day)

CF3 = Conversion factor from  µg to mg (1000 µg/mg)

BW = Body Weight (kg)

ATc = Averaging Time - Carcinogens (years)

ATn = Averaging Time - Noncarcinogens (years)

365 = 365 days/year

Air concentrations used in this intake equation represented the EPCs calculated for each location

and sample collection method.  Standard exposure factors were utilized in these calculations, and

are presented in Tables 4.4-1 and 4.4-2 for the adult and child resident receptors, respectively. 

Exposure parameters used in central tendency calculations are presented in Appendix C.

4.4.  TOXICITY ASSESSMENT

The toxicity assessment examines information concerning the potential human health effects

associated with exposure to COPCs.  The goal of the toxicity assessment is to provide, for each

COPC, a quantitative estimate of the relationship between the magnitude and type of exposure

and the severity or probability of human health effects.  The toxicity values presented in this

section are integrated with the outputs of the exposure assessment to characterize the potential

for the occurrence of adverse health effects.

The toxicity assessment involves the identification of cancer and noncancer health effects

associated with each of the chemicals that have been selected as contaminants of potential

concern (COPCs).  It also provides useful information regarding the quantitative relationship

between exposure and probability or severity of adverse health effects, also referred to as the

dose-response relationship.
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The toxicological evaluation involves a critical review and interpretation of toxicity data from

epidemiological, clinical, animal, and in vitro studies.  This review of the data ideally determines

both the nature of the health effects associated with a particular chemical, and the probability that

a given quantity of a chemical could result in the referenced effect.  This analysis defines the

relationship between the dose received and the incidence of an adverse effect for the COPC.  

The entire toxicological data base is used to guide the derivation of cancer slope factors (CSFs)

for carcinogenic effects and reference doses (RFDs) for noncarcinogenic effects.  These data may

include epidemiological studies, long-term animal bioassays, short-term tests, and comparisons

of molecular structure.  Data from these sources are reviewed to determine if a chemical is likely

to be toxic to humans.  Because of the lack of available human studies, however, the majority of

toxicity data used to derive CSFs and RfDs comes from animal studies.

Inadequate toxicological data exists for a number of chemicals that were detected during

sampling activities.  Surrogate compounds were not selected, and, therefore, these chemicals

have not been quantitatively evaluated in this risk assessment.
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4.4.1 Noncarcinogenic Effects

For noncarcinogens, it is assumed that there exists a dose below which no adverse health effects

will be seen.  Below the “threshold” dose, exposure to a chemical can be tolerated without

adverse effects.  For noncarcinogens, a range of exposure exists that can be tolerated.  Toxic

effects are manifested only when physiologic protective mechanisms are overcome by exposures

to a chemical above its threshold level.

Systemic toxicity involves absorption and distribution of a toxicant from its entry point to a

distant site where it produces deleterious effects.  The alternative to systemic effects is local

effects.  Local effects are produced at the site of first contact between the biological system and

the toxicant.  With the exception of highly reactive substances, most produce systemic effects. 

Some materials produce both systemic and local effects.  In these cases, the toxicant can cause

effects at the site of absorption and is then transported to another part of the body where it results

in additional toxic effects.  Substances that are considered systemic toxicants usually do not

cause the same degree of toxicity in all parts of the body that are encountered, but instead elicit

major toxicity in one or a few organs.  Maternal and developmental endpoints are considered

systemic toxicity.  

The potential for noncarcinogenic health effects resulting from exposure to chemicals is assessed

by comparing an exposure estimate (intake or dose) to an RfD.  The RfD is expressed in units of

mg/kg/day, and represents a daily intake of a contaminant per kilogram of body weight that is not

sufficient to cause the threshold effect of concern.  An RfD is specific to the chemical, the route

of exposure, and the duration over which the exposure occurs.  Separate RfDs are represented for

ingestion and inhalation pathways.  When evaluating the noncarcinogenic effects, it is also

necessary to identify the target organ for the critical effect for each route of exposure.

RfDs are estimates (with uncertainty spanning perhaps an order of magnitude or greater) of a

daily exposure level for the human population, including sensitive subpopulations, that is likely

to be without an appreciable risk of deleterious effects during a lifetime.  Chronic RfDs are
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specifically developed to be protective for long-term exposure to a compound (USEPA, 1989a). 

RfDs are based upon the critical effect levels observed during human and animal studies, such as

the lowest dose at which adverse health effects are observed. Uncertainty factors (UF) are then

applied to the experimental doses.  The basis for application of different uncertainty factors are

explained below:

• A UF of 10 is used to account for variation in the general population and is intended to

protect sensitive subpopulations, such as children and the elderly.

• A UF of 10 is used when extrapolating from animal to humans.  This factor is intended to

account for the interspecies variability between humans and other mammals.

• A UF of 10 is used when a No Observed Adverse Effect Level (NOAEL) derived from a

subchronic instead of a chronic study is used as the basis for the chronic RfD.

• A UF of 10 is used when a Lowest Observed Adverse Effect Level (LOAEL) is used

instead of a NOAEL.  This factor is intended to account for the uncertainty associated

with extrapolating from LOAELs to NOAELs.

In addition to the UFs listed above a modifying factor (MF) may be applied.  A MF ranging from

greater than zero to 10 is included to reflect a qualitative professional assessment of additional

uncertainties in the critical study and in the entire database for the chemical not explicitly

addressed by the UFs.  The default value for the MF is 1 (USEPA 1989a).

Inhalation noncancer reference values are expressed as a reference concentration (RfC) in units

of mg/m3.  The RfC must be converted to an inhalation RfD since noncancer risk characterization

requires that the reference values be expressed as mg/kg-day.  The conversion from RfC to RfD

is based on continuous exposure of an adult that inhales 20 m3 of air per day and weighs 70 kg. 

The RfD is calculated by multiplying the RfC by 20 m3/day and then dividing the calculated

value by 70 kg.  



4-19

A complete listing of the noncancer oral and inhalation toxicity data used in this risk assessment

are provided in Tables 4.5-1 and 4.5-2.  The hierarchy of toxicological information sources used

during this evaluation was based on the recommendations presented in  RAGS (1989a).  The

primary source of these values was the Integrated Risk Information System (IRIS) database

(USEPA April 2000).  In the absence of toxicological data from IRIS, the secondary source to

review for this information was the Health Effects Assessment Summary Tables (USEPA 1997). 

When there was no data available from either of these sources, the provisional values that were

developed by the National Center for Environmental Assessment (NCEA) were used.  These

provisional values are referred to as EPA/NCEA provisional values on Tables 4.5.1 and 4.5.2. 

Finally, if toxicity values were not available from any of the sources listed above, toxicity values

withdrawn from IRIS or HEAST were considered for use.  Tables 4.5-1 and 4.5-2  include the

primary target organs or organs affected by a particular chemical or the critical effect of a

chemical, as listed in IRIS.  This information was used in the risk characterization section to

segregate risks by target organ effects, when a Hazard Index exceeded unity. 

As specified in the implementation plan for this risk assessment, oral RfDs were used in

inhalation hazard calculations when inhalation RfDs or RfCs could not be obtained.  No

additional uncertainty factors were applied when using oral RfDs to represent inhalation RfDs.

4.4.2 Carcinogenic Effects

A relatively small number of chemicals have been identified as human carcinogens, however,

many other chemicals are suspected of causing carcinogenic effects.  The carcinogenic

evaluation of chemicals includes qualitative and quantitative analyses.  The qualitative

assessment provides a weight-of-evidence that describes the likelihood of a chemical to induce

cancer in humans.  This evaluation is based upon peer-reviewed scientific literature based on

human and animal exposures.  The six weight-of-evidence classifications recognized by EPA are

presented below (EPA, 1986).

� Group A - Human Carcinogen: Based on sufficient human data, the chemical is
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identified as a human carcinogen.

� Group B1 - Probable Human Carcinogen: Human data indicate that a causal

association between the chemical and carcinogenic effects exists, however,

alternative explanations can not be dismissed.

� Group B2 - Probable Human Carcinogen: Human data are insufficient to

support a causal association, however, testing data in animals support a causal

association.

� Group C - Possible Human Carcinogen: Human data are inadequate or lacking ,

however, animal data suggests a causal association.  However, animal studies

have deficiencies that limit their interpretation.

� Group D - Not Classifiable as to Human Carcinogenicity: Human and animal

data are lacking or inadequate.

� Group E - Evidence of Noncarcinogenicity to Humans: Human data are

negative or lacking, and adequate animal data indicate no association with cancer.

EPA assumes that thresholds do not exist for carcinogens, therefore, any exposure is associated

with some quantifiable risk.  The toxicity values for carcinogenicity, referred to as cancer slope

factors (CSF), are a quantitative estimate of potency.  It is defined as the upper bound estimate of

the probability of a cancer incidence per unit dose averaged over a lifetime.  Slope factors are

derived from studies of carcinogenicity in humans and/or laboratory animals, and are typically

calculated for compounds in Groups A, B1, and B2, although some Group C carcinogens also

have slope factors and some B2 carcinogens have none (e.g., lead).  

Slope factors are specific to a chemical and route of exposure and are expressed in units of

(mg/kg-day)-1 for both oral and inhalation routes.  Inhalation cancer toxicity values are also
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expressed as inhalation unit risks in units of reciprocal �g/m3 (1/�g/m3).  Because cancer risk

characterization requires an estimate of a reciprocal dose in units of 1/mg/kg/day, the inhalation

unit risk must be converted to the mathematical equivalent of an inhalation cancer slope factor,

or risk per unit dose (mg/kg-day).  This is done by assuming that humans weigh 70 kg and inhale

20 m3 of air per day [i.e., the inhalation unit risk (1/�g/m3) is divided by 20 m3/day, multiplied by

70 kg, and multiplied by 1,000 �g/mg to yield the mathematical equivalent of an inhalation slope

factor (1/mg/kg-day)].

When determining the potential carcinogenic risk associated with airborne contaminants, the

most preferable CSFs are those derived for inhalation.  However, in the absence of an inhalation

CSF for a particular chemical, its oral CSF was used in the evaluation.

EPA’s Office of Air Quality Planning and Standards (OAQPS) has summarized information

suggesting that at least some of the air concentrations of nickel derived from industrial emissions

should be assumed to consist of the carcinogenic crystalline form, the pure form of which is

nickel subsulfide (Smith et. al 2000).  Available nickel speciation information for some of the

largest nickel-emitting sources, including oil combustion, coal combustion and others, suggest

that at least 35% or more of total nickel emissions are soluble compounds.  Of the insoluble

nickel emissions, 17% is thought to be oxides, 3% or more sulfides, and the risk is unknown. 

Based on these data, the EPA OAQPS has assumed that 50% of emitted nickel is insoluble and

that 50% of insoluble nickel is crystalline.  On this basis, OAQPS recommends that the unit risk

for nickel subsulfide be used by dividing by four and applying this unit risk to all nickel

compounds (Smith et. al. 2000).  Critical studies used to define the unit risk for nickel subsulfide,

as published in IRIS, were conducted in the vicinity of the Kenova Industrial Cluster (Enterline

and Marsh 1982).  Therefore, emissions of nickel subsulfide have been demonstrated to occur in

the vicinity of this project’s area of concern.  Therefore, in this risk assessment, it has been

assumed that 25% of the nickel concentrations consist of nickel subsulfide.  The unit risk applied

equals the unit risk for nickel subsulfide published in IRIS (April 2000) divided by a factor of

four to account for the presence of 75% of the nickel in non-carcinogenic forms.
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A complete listing of oral and inhalation cancer toxicity data is provided in Tables 4.6-1 and 4.6-

2.  Sources of carcinogenicity data were based on the recommendations of RAGS (1989a).  The

primary source of information for these values is IRIS (April 2000).  The USEPA intends that

IRIS supersedes all other sources of toxicity information for risk assessment. The secondary

source of this information is HEAST (USEPA 1997).  If toxicity data are not available from

either of  these sources, the Environmental Protection Agency, National Center for

Environmental Assessment provisional values were used to evaluate toxicity.  Finally, if toxicity

values were not available from any of the sources listed above, toxicity values withdrawn from

IRIS or HEAST were considered for use.

4.5  RISK CHARACTERIZATION

This section provides a characterization of the potential human health risks associated with the

potential exposure to COPCs identified at the seven stationary monitoring stations and the four

locations sampled with the mobile lab.  Section 4.5.1 outlines the methods used to quantitatively

estimate the type and magnitude of potential risks for human receptors.  A summary of the risk

characterization used in this risk assessment is provided in Section 4.5.2.

The evaluation of lead represents a special case.  The equations and methodology presented in

the previous sections cannot be used to evaluate exposure to lead because of the absence of

published dose-response parameters for this chemical.  Lead is identified as a COPC for all

stationary monitoring locations since no RBC has been developed for this chemical.

Exposure to lead in air will be addressed in a qualitative fashion through a direct comparison of

the maximum lead concentration in air at each stationary sampling location to the National

Ambient Air Quality Standard (NAAQS) for lead (40 CFR Part 50).  The results of these

comparisons are summarized in Section 4.5.2.  NAAQS are designed to be protective of human

health over long-term exposure periods.  Therefore, it is assumed that if maximum

concentrations of lead detected are not in excess of the associated NAAQS, then risks to human

health from ambient air concentrations of lead would be expected to be minimal.
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4.5.1  Methodology for Estimation of Quantitative Risks

Potential human health risks resulting from exposure to COPCs are estimated using algorithms

established by the USEPA (USEPA, December 1989a).  The methods described by the USEPA

are protective of human health and are likely to overestimate (rather than underestimate) risk. 

The methodology uses specific algorithms to calculate risk as a function of chemical

concentration, human exposure parameters, and toxicity.

Risks from hazardous chemicals are calculated for either noncarcinogenic or carcinogenic

effects.  Some carcinogenic chemicals may also exhibit noncarcinogenic effects.  Potential

impacts are then characterized for both types of health effects.

4.5.1.1 Noncarcinogenic Effects

The hazards associated with the effects of noncarcinogenic COPCs are evaluated by comparing

an exposure level or intake to an RfD.  The ratio of the intake to the RfD is called the hazard

quotient (HQ) and is defined as follows (USEPA 1989a):

H Q
In take

R fDi
i

i

=

Where:

HQi = Hazard Quotient for chemical “i” (unitless)

Intake i = Intake of chemical “i” expressed as an average daily dose in (mg/kg-day)

RfDi = Reference Dose of chemical “i” in (mg/kg-day)

The noncancer hazard quotient assumes that there is a level of exposure (i.e., the RfD) below

which it is unlikely for even sensitive populations to experience adverse health effects.  If the

exposure level exceeds this threshold, there may be concern for potential noncancer effects.  As a

rule, the greater this exceedance, the greater the level of concern.  Such exceedances should not,
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however, be interpreted as statistical probabilities.  An HQ of 0.001 does not mean that there is a

one in one thousand chance of the effect occurring.  Further, it is important to emphasize that the

level of concern does not increase linearly as the RfD is approached or exceeded because RfDs

do not have equal accuracy or precision and are not based on the same severity of toxic effects. 

Thus, the slopes of the dose-response curve in excess of the RfD can range widely depending on

the substance (USEPA 1989a).

The hazard index (HI) describes the overall potential for noncarcinogenic effects posed by more

than one chemical.  The approach assumes that simultaneous exposures to several chemicals

could produce an adverse effect.  The HI is generated by summing the individual HQs for all the

COPCs.  The magnitude of the adverse effect is assumed to be proportional to the sum of the

ratios of the sub-threshold exposures to acceptable exposures.  As with the individual hazard

quotients, there is a potential for adverse health effects when the ratio exceeds one.  Limitations

of the HI approach include that the level of concern does not increase linearly as the RfD is

approached or exceeded since all RfDs do not have the same accuracy or precision and are not

based on the same severity of effect.

The HI approach is most properly applied to compounds that produce the same effect by the

same mechanism.  Application of the hazard index approach to a number of chemicals that elicit

various toxic effects through different mechanisms could result in an overestimation of the

potential for noncarcinogenic effects.  When the HI exceeds unity, the HQs may be segregated by

target organ effects and mechanism of action since the HQs for all noncarcinogens are not

considered to be truly additive unless similar target organs are affected.  Segregation of hazard

indices by effect and mechanism of action requires the identification of  the major toxic effects

for each chemical including those seen at higher doses than the critical effect.  Major effect

categories include neurotoxicity, developmental toxicity, reproductive toxicity, immunotoxicity,

and adverse effects by target organ (i.e., hepatic, renal, respiratory, cardiovascular,

gastrointestinal, hematological, musculoskeletal and dermal/ocular effects) (USEPA 1989a). 

Once this information is compiled, the chemicals may be classified into various groups based on

the toxic endpoint.  Segregation of hazard indices must be carefully done to avoid the
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underestimation of the actual noncarcinogenic risks associated with exposure.  Segregation of

hazard indices requires the careful review of current toxicological information for each of the

contaminants of concern.

The hazard segregation performed in this risk assessment included the identification of the

critical effect of each chemical, and its other major effects.  Hazard segregation was performed

on the critical effect only.  This method may underestimate the hazards from chemicals that

effect multiple target organs or operate through multiple modes of action.  The critical

effects/target organ data for each chemical are presented in Tables 4.5-1 and 4.5-2.  A list of

major effects and target organs for each chemical is presented in Appendix D in Table D-1 along

with the literature sources used to obtain the major effects/target organ information.   During this

risk assessment, toxicological data found in the IRIS Database (April 2000), HEAST  (HEAST

1997),  ATSDR Toxicological Profiles, the on-line Hazardous Substances Data Base (HSDB,

April 2000) and other literature sources, as needed, were reviewed to obtain this information. 

Results of the hazard segregation are presented in Appendix D, and discussed in Section 5.2,

Risk Characterization.

The estimation of noncarcinogenic effects (i.e., the calculation of HQs and HIs) should not be

construed as a probability in the manner of the incremental lifetime cancer risk, but rather a

numerical indicator of the extent to which a predicted intake exceeds, or is less than, an RFD.

4.5.1.2 Carcinogenic Effects

Risks attributable to exposure to carcinogenic COPCs are estimated as the probability of an

individual developing cancer over a lifetime as a result of exposure to a potential carcinogen.  At

low doses, the incremental lifetime cancer risk (ILCR) is determined as follows (USEPA 1989a):

IL C R In take x C SFi i i=

Where:
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ILCRi = Incremental Lifetime Cancer Risk for chemical “i,” expressed as

a unitless probability

Intakei = Intake of chemical “i” expressed as a lifetime average dose in

(mg/kg-day)

CSFi = Inhalation cancer slope factor for chemical “i” in (mg/kg-day)-1

Individual chemical-specific cancer risks are summed to estimate the total incremental individual

lifetime cancer risk for simultaneous exposure to several carcinogens.  The risk summation

technique assumes that synergistic or antagonistic chemical interactions will not occur and that

all chemicals produce the same effects.  These assumptions may result in either an

underestimation or overestimation of the actual risk that may result from actual exposure to

multiple substances.

4.5.2  Results of the Risk Characterization

This section contains a summary of the results of the risk characterization for the air risk

assessment for the Tri-State Geographic Initiative.  Separate risk characterization summaries are

provided for the Centennial Drive, Corn Field, Kenova Fire Station, Kenova Water Works,

Lockwood Estates, Sweet Run and Webbville locations, and for the data collected by the mobile

lab for the Corn Field, Kenova Fire Station, Kenova Water Works and Southpoint Ethanol

sampling locations.  Both noncarcinogenic hazards and carcinogenic risks were evaluated for

each location. 

The human health risk assessment (HHRA) for each location was performed to characterize the

potential risks to likely human receptors under current land use.  The receptors considered in this

HHRA were the adult residential receptor and the child residential receptor.  Residents currently

live in close proximity to all sampling locations and it is reasonable to assume that areas

currently in residential land use will remain as such in the future. 

Results from the human health risk assessment and acute evaluation were compared to the target
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risk levels defined in the Tri-State Geographic Initiative Risk Management Plan (TGI 1997d). 

As defined in the TGI Risk Management Plan, further action will be proposed if any of the

following is true:

• Chronic noncarcinogenic risks are found for any individual pollutant in excess of a

hazard quotient of 1.

• Lifetime carcinogenic risks are found for any individual pollutant in excess of a risk level

of 1E-06 (or 1 in 1,000,000)

The results of both the stationary and the mobile sampling events were considered in the risk

characterization.  However, the results using stationary sampling data and those using mobile

sampling data are calculated and presented separately.  All risk and hazard calculations were

performed using Reasonable Maximum Exposures (RME).  Risk and hazard calculations for

central tendency exposure are included in Appendix C, and are discussed in the uncertainty

section.

Noncarcinogenic risks which were calculated using the stationary sampling data are presented in

Tables 4.7-1 through 4.7-14.  Noncarcinogenic risks which were calculated using the mobile

sampling data are presented in Tables 4.7-15 through 4.7-22.

Carcinogenic risks which were calculated using the stationary sampling data are presented in

Tables 4.8-1 through 4.8-21.  Carcinogenic risks which were calculated using the mobile

sampling data are presented in Tables 4.8-22 through 4.8-33.  The carcinogenic risk summaries 

include a calculation of cancer risk for the lifetime resident receptor as well as separate

calculations for the child residential receptor and the adult residential receptors.

Summaries of all hazard and risk values calculated are included in Tables 4.9-1 through 4.9-4 for

noncarcinogenic hazards and in Tables 4.10-1 through 4.10-6 for carcinogenic risks for each

receptor, station location and for the stationary sampler and mobile laboratory data.  Tables 4.11-

1 and 4.11-2 present a summary of central tendency results.
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For purposes of assessing the potential for exposure to multiple carcinogens and

non-carcinogens, these tables also include the sum of the noncarcinogenic hazard quotients for

both adults and children at each monitoring site as well as the sum of the carcinogenic risk for

adults, children, and 30 year (i.e., adults + childhood) exposures.  The 30 year exposure

evaluated for carcinogenic risk is also referred to in this risk characterization as lifetime

exposure.  The term lifetime is used because the averaging time (AT) for carcinogens is the life

expectancy, although this analysis assumes that the exposure occurs over a 30 year time period

only.    When the hazard index exceeded a value of one, an assessment of target organ and

mechanism of action effects was undertaken.  This analysis is provided in Appendix D.  

4.5.2.1 Calculation of Noncancer Hazards and Cancer Risks - Stationary Data

Centennial Drive

The non-cancer hazard index (HI) for an adult residential receptor was 2.6 with the primary

hazard being benzene.  The HI for a child residential receptor was 3.8 with the primary

contributors with HQs in excess of one being benzene and manganese.  HIs for at least one target

organ system were in excess of one for both the adult and the child receptor. 

Calculated cancer risks were: 4.2E-05 for an adult residential receptor, 2.9E-05 for a child

residential receptor, and 7.1E-05 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene, cadmium and chromium.

The maximum lead concentration in air detected at this study area was approximately one order

of magnitude less than the associated NAAQS for lead.

Corn Field

The non-cancer  HI for an adult residential receptor was 2.4.  However, no HQs for any
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individual chemical exceeded one for this receptor.  The HI for a child residential receptor was

6.8  with the primary contributors with HQs in excess of one being benzene and manganese.  HIs

for at least one target organ system were in excess of one for both the adult and the child

receptor.

Calculated cancer risks were: 2.8E-05 for an adult residential receptor, 1.9E-05 for a child

residential receptor, and 4.7E-05 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene, chloromethane, cadmium and chromium.

The maximum lead concentration in air detected at this study area was more than one order of

magnitude less than the associated NAAQS for lead.
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Kenova Fire Station

The non-cancer hazard index (HI) for an adult residential receptor was 3.6 with the primary

contributor with an HQ in excess of one being benzene.  The HI for a child residential receptor

was 10 with the primary contributors with HQs in excess of one being benzene and manganese.

HIs for at least one target organ system were in excess of one for both the adult and the child

receptor.

Calculated cancer risks were: 6.4E-05 for an adult residential receptor, 4.5E-05 for a child

residential receptor, and 1.1E-04 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene, arsenic, cadmium and chromium.

The maximum lead concentration in air detected at this study area was approximately one order

of magnitude less than the associated NAAQS for lead.

Kenova Water Works

The non-cancer hazard index (HI) for an adult residential receptor was 1.3.  However, no HQs

for any individual chemical exceeded one for this receptor.  The HI for a child residential

receptor was 3.7.  However, no HQs for any individual chemical exceeded one for this receptor. 

HIs for at least one target organ system were in excess of one for the child receptor.

Calculated cancer risks were: 1.8E-05 for an adult residential receptor, 1.3E-05 for a child

residential receptor, and 3.1E-05 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene, chloromethane, dichloromethane, cadmium and chromium.

The maximum lead concentration in air detected at this study area was more than one order of

magnitude less than the associated NAAQS for lead.
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Lockwood Estates

The non-cancer hazard index (HI) for an adult residential receptor was 9.9E-1.  The HI for a

child residential receptor was 2.8.  However, no HQs for any individual chemical exceeded one

for this receptor.  HIs for at least one target organ system were in excess of one for the child

receptor.

Calculated cancer risks were: 2.5E-05 for an adult residential receptor, 1.7E-05 for a child

residential receptor, and 4.2E-05 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

arsenic, benzene, chloromethane, arsenic, cadmium and chromium.

The maximum lead concentration in air detected at this study area was approximately one order

of magnitude less than the associated NAAQS for lead.

Sweet Run

The non-cancer hazard index (HI) for an adult residential receptor was 1.4.    However, no HQs

for any individual chemical exceeded one for this receptor.  The HI for a child residential

receptor was 3.9 with the primary contributor being benzene.  HIs for at least one target organ

system were in excess of one for the child receptor.

Calculated cancer risks were: 5.8E-05 for an adult residential receptor, 4.1E-05 for a child

residential receptor, and 9.9E-05 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene, chloromethane, dichloromethane, cadmium, and chromium.

The maximum lead concentration in air detected at this study area was more than one order of

magnitude less than the associated NAAQS for lead.



4-32

Webbville 

The non-cancer hazard index (HI) for an adult residential receptor was 0.57.  The HI for a child

residential receptor was 1.6   However, no HQs for any individual chemical exceeded one for this 

receptor.   No HIs for any target organ system exceeded one for either the adult or the child

receptor.

Calculated cancer risks were: 1.8E-05 for an adult residential receptor, 1.3E-05 for a child

residential receptor, and 3.1E-05 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene, chloromethane, dichloromethane, cadmium and chromium.

The maximum lead concentration in air detected at this study area was approximately two orders

of magnitude less than the associated NAAQS for lead.

4.5.2.2 Calculation of Noncancer Hazards and Cancer Risks - Mobile Data

Corn Field 

The non-cancer hazard index (HI) for an adult residential receptor was 1.1.  The HI for a child

residential receptor was 3.0.  However, no HQs for any individual chemical exceeded one for

either receptor.  HIs for at least one target organ system were in excess of one for the child

receptor.

Calculated cancer risks were: 6.6E-06 for an adult residential receptor, 4.6E-06 for a child

residential receptor, and 1.1E-05 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene, carbon tetrachloride and chloromethane.

Kenova Fire Station 
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The non-cancer hazard index (HI) for an adult residential receptor was 2.5.  The HI for a child

residential receptor was 7.1 with the primary contributors being benzene, hexachlorobutadiene

and naphthalene.  HIs for at least one target organ system were in excess of one for the child

receptor.

Calculated cancer risks were: 1.6E-05 for an adult residential receptor, 1.1E-05 for a child

residential receptor, and 2.8E-05 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene, carbon tetrachloride, chloromethane, 1,4-dichlorobenzene and hexachlorobutadiene.

Kenova Water Works

The non-cancer hazard index (HI) for an adult residential receptor was 0.35.  The HI for a child

residential receptor was 0.97.  No HQs for individual chemicals exceeded one at this location. 

No HIs for any target organ exceeded one.

Calculated cancer risks were: 2.4E-06 for an adult residential receptor, 1.7E-06 for a child

residential receptor, and 4.1E-06 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included

benzene.

Southpoint Ethanol 

The non-cancer hazard index (HI) for an adult residential receptor was 0.65.  The HI for a child

residential receptor was 1.8.  No HQs for individual chemicals exceeded one at this location.  HIs

for at least one target organ system were in excess of one for the child receptor.

Calculated cancer risks were: 4.8E-06 for an adult residential receptor, 3.4E-06 for a child

residential receptor, and 8.2E-06 for a lifetime residential receptor.  Chemicals at this study area,

that, individually, had risks in excess of 1E-6 for the lifetime residential receptor included
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benzene and chloromethane.

4.5.3 Central Tendency Estimates

The results of the CT evaluation are summarized in Tables 4.11-1 and 4.11-12 for

noncarcinogenic hazards and carcinogenic risks respectively.  Full results of the central tendency

analysis are presented in Appendix C.  Based on central tendency exposure estimates, several

locations which previously had HIs in excess of one when evaluated using RME exposure

estimates, no longer exceed this threshold.  For example, using central tendency exposure

estimates, HIs less than one were obtained for both the adult and the child receptor at the

Webbville location.  In addition, HQs for several chemicals which previously had HQs in excess

of one when evaluated using RME exposure estimates, no longer exceeded this threshold.  One

example is manganese at the Kenova Fire Station location.  Using central tendency exposure

estimates, an HQ less than one was obtained for both the adult and the child receptor for

manganese.

Similar results were obtained for carcinogenic risks based on central tendency exposure

estimates.  For most of the monitoring and modeling locations, at least one chemical with risks

above 1E-6 under RME exposure estimates no longer exceeded this threshold when central

tendency exposure estimates were employed.

These results may be used during the risk management portion of the TGI Risk Study (TGI 

1997d).

4.6  UNCERTAINTY ANALYSIS 

This section discusses the uncertainties associated with this evaluation.  The risk measures used

in this evaluation are not fully probabilistic estimates of risk, but conditional estimates given a

considerable number of assumptions about exposure and toxicity.  Thus, it is important to specify

the assumptions and uncertainties inherent in the risk assessment to place the risk estimates in
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proper perspective.  Another use of uncertainty characterization can be to identify areas where a

moderate amount of additional data collection might significantly improve the basis for risk-

based decision making (USEPA 1989a).

Highly quantitative statistical uncertainty analysis is usually not practical or necessary for many

risk assessments for a number of reasons, not the least of which are the resource requirements to

collect and analyze site data in such a way that the results can be presented as valid probability

distributions.  As in all environmental risk assessments, it already is known that uncertainty

about the numerical results is generally large (i.e., on the range of at least an order of magnitude

or greater).  Consequently, it is more important to identify the key site-related variables and

assumptions that contribute most to the uncertainty than to precisely quantify the degree of

uncertainty in the risk assessment.  Thus, the focus of this section is on qualitative information on

the possible sources and magnitudes of uncertainty in the risk estimates.

There are uncertainties associated with each component of the risk assessment from data

collection through risk characterization.  For example, there is uncertainty in the initial selection

of substances used to characterize exposures and risk on the basis of the sampling data and

available toxicity information.  Other sources of uncertainty are inherent in the toxicity values for

each substance and the exposure assessments used to characterize risks.  Finally, additional

uncertainties are incorporated in the risk assessment when exposures to several substances across

multiple pathways are summed.  

Once the risk assessment is complete, the results must be reviewed and evaluated to identify the

type and magnitude of uncertainty involved.  This interpretation is especially relevant when the

risks exceed the point-of-departure for defining “acceptable” risk.  Areas of uncertainty in each

risk assessment step are discussed below.

4.6.1 List of Physical Setting Definition Uncertainties

Chemicals Not Included in the Risk Assessment
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The chemicals evaluated in this risk assessment were based on air sampling performed for the

TGI project by the States of Kentucky and West Virginia.  The list of compounds included for

analysis was extensive.  However, there is the possibility that some compounds of concern may

be present, but were not taken into account in the risk estimates.  For example, sampling

performed by the mobile laboratory was limited to analyses for VOCs only.  Therefore, risk

estimates presented do not include potential risks from SVOCs, metals, and acidic and basic

gases.  This will tend to cause an underestimation of risk.

Uncertainty may be associated with the data evaluation process.  Discrepancies were found

between the detection limits obtained during the analysis of air samples for some VOCs and

metals, and their respective RBCs.  These data did not meet the data quality objectives

established for this risk assessment and may have resulted in an underestimation of risks posed

by several VOCs and metals in air in the Kenova Industrial Cluster study area.  

Chemicals were screened out during the COPC selection process based on USEPA Region IV

methodologies for reducing the number of chemicals to be carried through the risk assessment

process (USEPA, Region 4 1995).  The purpose of such a screen is to reduce the number of

calculations necessary while not significantly affecting the quantitative risk evaluation outcome.

There is a minor amount of uncertainty associated with this COPC selection process that may

impact the numerical risk estimates.  The selection of COPCs is made on a conservative basis

and it is unlikely that significant risk drivers would be omitted during the COPC selection

process.  As discussed below, uncertainties associated with retaining COPCs, that occur at low

frequencies, tend to result in overestimation of risks.

The health effects of the essential nutrients calcium, magnesium, potassium and sodium were not

assessed based on their toxicological properties in this risk assessment owing to the lack of oral

or inhalation reference does for these chemicals.  Exposure to the airborne concentrations of

calcium, magnesium, potassium and sodium detected in the Kenova Industrial Cluster would not

be anticipated to result in significant health effects based on physical effects.   
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The RBC health-based screening benchmarks for non-carcinogenic effects have traditionally

been derived for adult-only exposures, rather than for children.  This may tend to underestimate

the potential risks presented by airborne pollutants since non-carcinogenic RBC values derived

specifically for children would be slightly lower than those derived for adult-only exposures (i.e.,

non-carcinogenic RBCs based on childhood-only exposures would be lower than adult-only

RBCs by a factor of approximately 2.8).  

COPCs in this risk assessment were not screened against background concentrations.  All

COPCs were retained to provide a complete characterization of risk, even though some detected

concentrations may be attributable to background conditions.  The use of this approach leads to

the overestimation of potential risks associated with contaminants found in the study area.  

Sample Representativeness

The risk estimates presented in this report are based on a limited number of sampling points

owing to resource constraints.  Theoretically, risks should be similar to those calculated for the

specific sampling points within some area.  However, the extent of the areal coverage is

unknown.  Data from single sampling points was collected for a full year for the stationary

sampler locations.  However, for the mobile lab sampling events, the sample duration was as

short as a little over two weeks to approximately six weeks.  Only one sample location was

sampled in more than one season.  Results of samples from these shorter period may lack

accuracy when estimating annual concentrations.  Risks based on these data sets may either be

overestimates or underestimates of actual risks.  However, the similarity between the results from

the stationary samples and the mobile lab suggest that seasonal variation may be low.  Further

field studies would be needed to improve the confidence level of the mobile lab data sets for the

evaluation of risks on an annual basis.

Likelihood of the Completed Exposure Pathway Considered

There is little uncertainty that residents in the Kenova Industrial Cluster are breathing the air. 
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However, indirect pathways such as deposition of airborne contaminants to soil or water with

subsequent ingestion or dermal contact with airborne contaminants have not been considered.  In

addition, no modification to exposure units have been performed based on a partitioning among

types of activities.  For example, contaminants present in indoor air may not be identical to those

present in outdoor air.  Not having evaluated all possible exposure pathways will tend to

underestimate the risk.

4.6.2 Model Applicability and Assumptions

The model used to evaluate exposure in this assessment (see Section 4.3 above) presumes that

risk is appropriately evaluated by determining a total dose of chemical and averaging it over the

exposure duration (in the case of non-carcinogens) or over a lifetime (in the case of carcinogens). 

This assumption may tend to underestimate the risk since averaging over the exposure duration

or lifetime does not allow for an evaluation of excursions in exposure (i.e., high spikes in

concentration over a short time period).  Such excursions could provide a dose which, when not

averaged out over the averaging time, is high enough to bring the receptor into a range of acute

effects (note that acute effects were specifically evaluated in this assessment).
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4.6.3 Parameter Value Uncertainty

During the course of a risk assessment, numerous parameter values are included in the

calculations of human intake.  It is important to summarize the uncertainty associated with key

parameters and to describe the effect they may have on the overall assessment.  An evaluation of

certain key parameters is provided below.

The concentration term in this evaluation is relatively well characterized given the number of

samples collected over a one year period for each stationary sampling location.  As such, the

values used to represent concentration is not likely to have underestimated the risk (especially

when one considers that the 95% UCL of the arithmetic mean, based on a lognormal distribution)

was used for the EPC.  It should be noted that the use of one-half the detection limit as a

surrogate for concentration for non-detected chemicals in any particular sample can influence the

calculated 95% UCL value resulting in possibly over- or underestimating the results. 

Nevertheless, the assumption of lognormality should provide a conservative estimate of

concentration that should not cause an underestimation of risk.  It is not known the extent to

which the year during which these data were collected is representative of other years and this

represents an uncertainty with this data set.  The use of the mobile sampling data to generate

annual average exposure terms is somewhat suspect given the much less than one year period

over which these data were collected.

Values used for other exposure parameters used in these evaluation such as inhalation rate,

exposure duration and exposure frequency were obtained from a variety of secondary sources. 

These parameter values were developed based on studies of activity patterns and physiology 

published in the primary, peer reviewed literature.  This risk assessment used both high end

(RME) and central (CT) parameter values to evaluate risks.  As such, the values used are

believed to be sufficiently conservative to not have resulted in an underestimation of risk.
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4.6.4 Toxicity Assessment Uncertainty Factors

Uncertainties associated with the toxicity assessment (determination of RfDs and CSFs are use of

available criteria) are inherent in the risk assessment process.  Uncertainty exists in the

toxicological data base and in the methodology used to derive RfDs and CSFs.  However, this

uncertainty is mitigated by the use of uncertainty and modifying factors for RfDs.  For cancer

effects, the uncertainty associated with dose-response factors is mitigated by assuming the 95

percent upper bound for the slope factor.  As a conservative assumption, oral RfDs or CSFs were

used in the inhalation pathway for COPCs lacking inhalation RfDs or CSFs.  This procedure may

have resulted in an overestimation or underestimation of risks from this pathway. 

 

Although lead was identified as a COPC in air, a quantitative risk assessment of lead has not

been performed.  The current standard for lead, measured as elemental lead, is 1.5 ug/m3, which

is the maximum arithmetic mean averaged over a calendar quarter (40CRF Part 50).  The

National Ambient Air Quality Standard for lead was not exceeded at any of the study areas.  

Toxicity data were not available to evaluate several of the chemicals detected in the air samples. 

These chemicals were not evaluated in this risk assessment using toxicity values derived from

structurally similar surrogates because the actual chemicals may be more or less toxic than the

surrogate selected.  Therefore, some uncertainty has been introduced into the risk assessment by

omitting an evaluation of these chemicals with the results that the risks are likely to be

underestimated.  

A potential source of uncertainty which may have affected the risk results was the assumption

that all chromium detected in the air was in the Cr+6 form rather than the Cr+3 form.  This

assumption was supported by an evaluation of chromium conducted by EPA and presented in the

toxicological profile developed for chromium by the Agency for Toxic Substances and Disease

Registry (EPA, 1990a).  The report presents estimates of atmospheric chromium emissions from

anthropogenic sources in the United States.  The estimates demonstrate that the percentage of

chromium emissions in the form of Cr+6 range from less than 0.1 to 100 percent depending on
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the emissions source.  Sources emitting Cr+6 include electroplaters, cooling towers using

chromate bactericides, and hazardous wasters sites containing chromate laden slag.  In the

absence of data demonstrating a clear ratio between Cr+3 and Cr+6 concentrations in the

atmosphere, the conservative approach of assuming that all chromium in the atmosphere was

Cr+6 was used.  This assumption may have lead to an overestimation of the risks associated with

exposure to chromium in some locations.

Modifications to the unit risk for nickel based on assumed forms of nickel in the atmosphere

represent an additional source of uncertainty.  The unit risk used for nickel equaled the unit risk

for nickel subsulfide published in IRIS (USEPA April 2000) divided by a factor of four to

account for the presence of 75% of the nickel in non-carcinogenic forms.  However, this

modification, as detailed in the toxicity assessment, is believed to be conservative.

A National Center for Environmental Assessment (NCEA) provisional RfD was used to evaluate

noncarcinogenic effects from exposure to several compounds.  The provisional RfDs for these

chemicals are based on allowable intakes rather than adverse effect levels.  Therefore, there is

some degree of uncertainty associated with the use of the RfD.

Other aspects of toxicity assessment uncertainty include:

• Use of Animal Data as a Surrogate for Human Exposures - A large amount of uncertainty

exists due to the models used to extrapolate from animal data to humans, including the

use of models to evaluate responses in the low dose portion of the curve.  Depending on

the chemical in question, such assumptions may tend to over- or underestimate the

resulting risk.

• Multiple Substance Exposure Uncertainties - Uncertainties associated with summing

risks or hazard quotients for several substances are of particular concern in the risk

characterization step.  The assumption of dose additivity ignores possible synergisms or

antagonisms among chemicals, and assumes similarity in mechanisms of action and
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metabolism.  Unfortunately, data to assess interactions quantitatively are generally

lacking.  In the absence of adequate information, USEPA guidelines indicate that

carcinogenic and non-carcinogenic risks should be treated as additive.  These

assumptions are made to help prevent an underestimation of cancer risk or potential

noncancer health effects.  For the Kenova Industrial Cluster evaluation, the following

statements regarding uncertainty in dose additivity may be made:

� The idea that all carcinogens should be added together may overestimate the risk

since it is only surmised that all carcinogens behave according to the linearized

multistage model of cancer, with extrapolation to zero appropriate in the low dose

portion of the dose-response curve.  In fact, a number of carcinogens may actually

behave more like classical non-carcinogens and exhibit a threshold effect. 

Conversely, neither antagonistic effects (which would cause a further

overestimation of risk ) nor synergistic effects (which would cause the opposite)

have been taken into account.  

� Initially, all non-carcinogens were added together.  It is known, however, that

many non-carcinogens target specific organ systems.  In some cases, it is

appropriate to disaggregate the resulting hazard index based on a thorough

knowledge of what is commonly referred to as the “target organ effect.”  Since

this study only considered critical effects in the disaggregation of hazard indices,

the non-carcinogenic hazards in this analysis may underestimate the true hazards

experienced by residents in the Kenova Cluster.  (Note that, similar to

carcinogens, the role of unknown antagonistic and synergistic effects has also not

been evaluated in this uncertainty analysis).

To assist in the evaluation of this uncertainty for noncarcinogens, HIs were segregated by target

organ.  The results of this evaluation are presented in Appendix D.  In the majority of the study

areas, where the cumulative HIs were found to exceed one, for both RME and CT scenarios,

organ system-specific HIs were also found to exceed one for at least one organ system. 

Typically, HIs in excess of one were found for the respiratory system and the nervous system for
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the majority of the stationary sampling locations, and several of the mobile lab sampling

locations.
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5.0     HUMAN HEALTH ACUTE EFFECTS ANALYSIS

The assessment presented in Section 4 evaluated the potential health risks resulting from  long-

term (chronic) exposure to airborne toxicants.  The risk analyses used an estimate of the annual

average concentrations to which residents are exposed to make these risk estimates since the

annual average is more representative of long term exposures than the individual sampling events

from which the average is derived.  

However, the health effects that persons may experience due to short-term (acute) exposures to

elevated levels of airborne contaminants can vary significantly from those experienced after long-

term exposure to low doses, depending on the contaminant and its concentration.  For example, a

chemical that produces an increase in cancer rates after exposure to low concentrations for a long

period of time (a chronic effect) might also cause immediate and severe eye irritation if present at

high levels  for a short period of time (an acute effect).  

This portion of the risk assessment will evaluate the potential for adverse effects from acute

exposures using the same monitoring results as used in the chronic evaluation.  In this evaluation,

however, samples will be evaluated on a sample-by-sample basis rather than in a combined

fashion as was done for the chronic human health assessment.  Performing the analysis in this

way will help avert the potential to “average out” spikes in concentration as is done in the

chronic exposure analysis.

5.1 INTRODUCTION

Hazardous substances are routinely released to the environment as the result of predictable

(planned) continuous and intermittent releases from industrial facilities.  However, facility and

other non-facility releases (e.g., mobile source emissions from cars and trucks) may fluctuate

considerably, with the result that daily and hourly maximum and minimum concentrations can

vary widely.  Due to these changing releases, surrounding populations may, at times, be exposed

to relatively high concentrations of airborne toxicants even though the annual average of all these
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fluctuating concentrations may be relatively low.  Since the health effects resulting from short

term exposure to high concentration spikes can be considerably different from the health effects

seen for exposures to relatively lower doses over a long period of time, it is necessary to evaluate

the potential for acute health effects separately from chronic health effects.  For the purpose of

this evaluation, an acute exposure was defined as an independent, intermittent exposure event

occurring up to no more than 24-hours in duration.

It should be noted that emergency or accidental releases may also present acute health risks to

surrounding populations.  However, this type of exposure is likely to be rare and to occur at

much higher concentrations than would be expected due to the day-to-day fluctuations of the

Kenova Industrial Cluster sources.  As such, emergency/accidental releases were not explicitly

evaluated in this assessment.

5.1.1 Objective

This evaluation focuses on the potential for acute health effects to occur from short-term

exposure to elevated levels of airborne contaminants within the Kenova Industrial Cluster

airshed.  Specifically, the data collected from the stationary sampler locations, the triggered

sampler location, and the mobile sampler locations (see below and Section 3) were assessed for

the potential to cause non-carcinogenic acute health effects for the locations and times sampled.  

This evaluation does not consider carcinogenic effects resulting from acute exposures given the

current problems with such evaluations.  For most chemicals, there is insufficient data to

reasonably support these estimations in view of the many uncertainties related to extrapolation

from long-term to short-term exposures and other factors such as mechanism of action,

metabolism, promotional activity, and threshold effects (USEPA 1993).  Instead, the potential for

chemicals detected in the Kenova Industrial Cluster airshed to result in cancer outcomes has been

evaluated in the chronic exposure risk assessment (Section 4).
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5.2 METHODOLOGY USED IN THE ACUTE EVALUATION

EPA has not developed a rigorous methodology for evaluating routine acute exposures to

airborne contaminants by the general population.  In the absence of such guidance, this

assessment relies on the data collected in the Kenova Industrial Cluster monitoring program

along with a reasonably conservative methodology that uses existing health criteria to evaluate

the potential for acute adverse effects to occur in area residents.  The data used in this evaluation

and the methodology for evaluating these concentrations is described below. 

5.2.1 General Approach

To determine the potential for adverse health effects to occur from short-term exposure to

elevated levels of airborne contaminants, each sample result collected in this study was compared

to an acute health-based screening value, if available.  Because this is a screening-level

evaluation of potential acute health effects, it was assumed that if a contaminant exceeded the

screening criteria then there was a potential for adverse human health effects.

5.2.2 Data Used in this Analysis

As discussed in Section 3, samples of ambient air were collected from the Kenova Industrial

Cluster study area during 1996 and 1997 in order to evaluate the potential for health effects to

occur in area residents through inhalation of airborne toxicants.  The bulk of the data collected

were captured by samplers located at 6 stationary monitoring stations throughout the study area

and another stationary sampler located in an area thought not to be affected by the industries

potentially impacting the Kenova Industrial Cluster.  These stationary samplers collected 24-hour

composite samples approximately every two weeks. 

Triggered samples were also collected at the Kenova Fire Station specifically for the purpose of

evaluating high spikes in ambient air concentrations.  The sampler was “triggered” to begin

collecting a sample when the automatic sensor indicated that high VOC concentrations were
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present.  Similar to the stationary samplers, once the triggered device was activated, the sampler

collected air for a total of 24 hours. 

In addition to the stationary and triggered 24-hour samplers, samples were collected for VOCs at

four locations in the study area by a mobile laboratory.  The mobile lab generally collected data

for a few days at each location.  The samples obtained were collected over one-hour sampling

periods.  (For a complete discussion of sample times, locations, and analytes for all sampling

locations, see Section 3).

5.2.3 Periodicity and Length of Exposure

USEPA views intermittent exposure as that lasting less than 24 hours and occurring no more

frequently than monthly (USEPA 1994).  This assumes that an acute exposure is at least 10 times

higher than a monthly average and that individual exposures are independent of one another. 

USEPA has also pointed out that very few chemicals will have enough data to determine a safe

periodicity of an acute exposure.  As such, each sample collected during this investigation was

evaluated as a single, independent exposure (although simultaneous exposure to multiple

chemicals in any given sample was considered - see below).  Samples collected at the stationary

and triggered samples were evaluated with the assumption that a person would be exposed to the

detected concentration for no more than 24 hours.  Samples collected by the mobile lab were

evaluated with the assumption that a person would be exposed to the detected concentration for

no more than 1 hour.

5.2.4 Sources of Acute Health-Based Screening Values

With few exceptions, there is no simple or widely accepted method for estimating the risks of

routine short-term exposures to elevated concentrations of most toxic chemicals found in

ambient air samples.  As such, there are no uniformly accepted short-term air action levels for the

majority of emissions from facilities and other common emission sources such as area sources. 

Instead, concentrations of chemicals protective of acute exposures have been established using a
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variety of differing methodologies.  For example, occupational exposure limits are sometimes

used to develop exposure values (acute and chronic) for protection of the general public.  Such

values are usually generated by dividing the occupational number by safety factors that can range

from 4.2 to as great as 1,000 or more.  The concept behind such safety factors is to account for

differences between workers, for which the standards were developed, and residents, for which

they were not (USEPA 1993).  

Some of the more widely used candidates for acute effects analysis include (USEPA 1991;

OEHHA 1999):

State Guidelines

1. California Environmental Protection Agency Acute Reference Exposure Levels

(California RELS) for Airborne Toxicants

Occupational Guidelines

1. American Conference of Governmental Industrial Hygienists (ACGIH) Threshold

Limit Value-Time Weighted Average (TLV-TWA)

2. ACGIH Short-Term Exposure Limits (STELs)

3. Occupational Safety and Health Administration (OSHA) Permissible Exposure

Limits (PELs)

4. National Institute of Occupational Safety and Health (NIOSH) Immediately

Dangerous to Life and Health (IDLH) Values

5. ACGIH Threshold Limit Values - - Ceiling (TLV-C) 

6. NIOSH Recommended Exposure Limits (RELS)

Emergency Guidelines

1. National Academy of Science (NAS) Emergency Exposure Guidance Levels

(EEGLs)

2. American Industrial Hygiene Association Emergency Response Planning

Guidelines (ERPGs)
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3. NAS Short-term Public Emergency Guidance Levels (SPEGLs)

4. USEPA Acute Emergency Guidance Levels (AEGLs)

5. National Research Council Community Emergency Exposure Levels (CEELs)

 

Other Guidelines

1. USEPA Air Pollution Warning Levels

2. USEPA Levels of Concern

3. ATSDR Minimal Risk Levels (MRLs) for acute exposure

Tables 5-1.1 and 5-1.2 provide a complete listing of the sources of airborne screening values that

were considered for use in this evaluation.  Included in each table is a brief description of the

intended use of each of these criteria and a summary of acceptance or rejection of the values for

use in evaluating the Kenova Industrial Cluster monitoring data.  

5.2.5 Discussion of Acute Health-Based Screening Values

Unlike the screening values developed to evaluate chronic exposures, only a limited number of

benchmarks for acute inhalation exposures have been developed at this time for non-emergency

acute exposures.  The following sections contain brief descriptions of the acute screening values

which were utilized in the acute exposure evaluation.

5.2.5.1 California Reference Exposure Levels (RELS)

The California Environmental Protection Agency’s (Cal EPA) Office of Environmental Health 

Hazard Assessment (OEHHA) has developed acute Reference Exposure Levels (RELS) for 

evaluating exposure to a limited number of airborne toxicants.  OEHHA defines the acute REL 

as “an exposure that is not likely to cause adverse effects in a human population, including 

sensitive subgroups, exposed to that concentration for one hour on an intermittent basis” 

(OEHHA 1998).  RELS are based upon the most sensitive, relevant, adverse health effect 

reported in the medical and toxicological literature.  RELS are designed to protect the most 
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sensitive individuals in the population by the inclusion of margins of safety.  Since margins of 

safety are incorporated to address data gaps and uncertainties, exceeding the REL does not 

automatically indicate an adverse health impact.

RELS were developed by first prioritizing chemicals to be evaluated.  A literature search was 

then conducted of the selected contaminants.  As part of the literature review, existing standards 

were identified and evaluated.  If the existing standard was determined to be acceptable, it was 

adopted as the REL.  However, most of the available standards were determined to be 

unacceptable, and the RELS were developed de novo from the medical and toxicological 

literature.

RELS were developed from the primary literature by selecting the best studies, with emphasis on

those using human data.  These studies were used to estimate a threshold level for no affect (a no

observed adverse effect level or NOAEL).  A NOAEL can be defined as “an exposure level with

no biologically and/or statistically significant increase in the frequency or severity of adverse

effects among an exposed population relative to a control group” (OEHHA 1998).  Adjustments

were made to the NOAELs to allow for comparison to one-hour exposures.  Uncertainties in the

data were then accounted for by applying safety factors to ensure that the REL values were

sufficiently conservative.  For example, if the NOAEL is based upon a study involving animals,

an uncertainty factor of 10 may be applied to account for the uncertainty of extrapolating toxicity

data from the test species to humans.  Similarly, an “interspecies” safety factor is typically used

to account for the variability in sensitivity to a toxicant within the general human population. 

The acute exposure NOAEL is divided by these uncertainty factors to arrive at a derived acute

screening value.

The RELS developed by the OEHHA are based upon one-hour exposure durations.  This 

exposure duration was selected in order to be comparable to the sampling and modeling 

requirements of California regulations.

The available RELS have been developed specifically to evaluate the potential for human health
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effects from acute exposure of the general population, including sensitive individuals, to routine

industrial air emissions.  Therefore, the RELS developed by OEHHA were determined to be

acceptable for use in this evaluation.

5.2.5.2 Agency for Toxic Substances and Disease Registry Acute Minimum Risk Levels

(MRLs)

The Agency for Toxic Substances and Disease Registry (ATSDR) has established airborne 

contaminant screening concentrations for acute exposure that are similar to the EPA’s Reference 

Concentrations (RfCs) for chronic exposure.  The values are derived by extensive review and 

evaluation of chemical-specific toxicological studies.  Similar to CAL REALS, safety (or

uncertainty) factors are applied to airborne contaminant concentrations from acute toxicology

studies in which a NOAEL has been established.  Safety factors are applied to the NOAEL 

to minimize or correct for uncertainties in the development of the NOAEL value.

The screening concentrations derived by the ATSDR in this manner are called “Minimum Risk 

Levels” or MRLs, which are published in ATSDR’s chemical-specific Toxicological Profiles

(ATSDR, 1997).  MRLs are derived for acute (1-14 days), intermediate (15-364 days), and

chronic (365 days and longer).  Only acute MRLs were selected for this screening level

evaluation.

5.2.5.3 Environmental Protection Agency Acute Exposure Guideline Levels (AEGLs)

The National Advisory Committee for Acute Exposure Guideline Levels for Hazardous 

Substances is developing AEGLs for short-term hazardous chemical exposure information

(Federal Register, 1997).  These levels have been established for one time only exposures during

emergency situations.  Three levels of AEGLs have been developed.  They are routinely used in

evaluations involving the general public.

AEGL values are defined as follows:
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AEGL-1 This is the airborne concentration (expressed as ppm or mg/m3) of a substance at

or above which it is predicted that the general population including “susceptible”,

but excluding “hyper susceptible” individuals, could experience notable 

discomfort.  Airborne concentrations below AEGL-1 represent exposure levels 

that could produce mild odor, taste, or other sensory irritations.

AEGL-2 AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance

at or above which it is predicted that the general population, including 

“susceptible”, but excluding “hyper susceptible” individuals, could experience 

irreversible or other serious, long-lasting effects or impaired ability to escape.  

Airborne concentrations below the AEGL-2, but at or above AEGL-1, represent 

exposure levels that may cause notable discomfort.

AEGL-3 AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance

at or above which it is predicted that the general population, including 

“susceptible”, but excluding “hyper susceptible” individuals, could experience

life-threatening effects or death.  Airborne concentrations below AEGL-3, but at 

or above AEGL-2, represent exposure levels that may cause irreversible or other 

serious, long lasting effects or impair a person’s ability to escape.

AEGL’s have been established for four different exposure periods of 30 minutes, 1 hour, 4 hours

and 8 hours for some chemicals.  Where applicable, AEGL-1, AEGL-2 and AEGL-3 have been

developed for contaminants.

5.2.5.4 American Industrial Hygiene Association Emergency Response Planning Guidelines

(ERPGs)

ERPGs are developed by the American Industrial Hygiene Association’s Emergency Response 

Planning Committee (AIHA, 1999).  Similar to the AEGLs, ERPGs are useful as guidelines for
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emergency planning involving release of chemical materials.

ERPG-1 The maximum concentration in air below which it is believed nearly all

individuals could be exposed for up to one hour without experiencing other than 

mild transient adverse health effects or perceiving a clearly defined objectionable 

odor;

ERPG-2 The maximum concentration in air below which it is believed that nearly all 

individuals could be exposed for up to one hour without experiencing or 

developing irreversible or other serious health effects or symptoms that could 

impair their abilities to take protective action;

ERPG-3 The maximum concentration in air below which it is believed nearly all 

individuals could be exposed for up to one hour without experiencing or 

developing life-threatening health effects.

5.2.5.5 Department of Energy Temporary Emergency Exposure Limits (TEELs) 

TEELs are recently developed values based on statistical extrapolations from the literature on the 

toxicity of each chemical (http://www.scapa.bnl.gov).   TEELs are interim values developed for

use in the absence of ERPGs and are considered to be stop gap values to be used in emergency

exposure situations.  

DOE Temporary Emergency Exposure Limits (TEELs) are defined as follows:

TEEL-0 The threshold concentration below which most people will experience no 

appreciable risk of health effects;

TEEL-1 The maximum concentration in air below which it is believed nearly all 

individuals could be exposed without experiencing other than mild transient 

adverse health effects or perceiving a clearly defined objectionable odor.

TEEL-2 The maximum concentration in air below which it is believed nearly all 

individuals could be exposed without experiencing or developing irreversible or 

other serious health effects or symptoms that could impair their abilities to take 
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protective action;

TEEL-3 The maximum concentration in air below which it is believed nearly all 

individuals could be exposed without experiencing or developing life-threatening 

health effects.

TEELs have been established utilizing existing toxicity data published for ERPGs, AEGLs and

any other published toxicity data.  Published data pertaining to TEELs recommends that TEELs

be compared to peak 15-minute time weighted average concentrations.   

5.2.5.6 National Research Council - Community Emergency Exposure Levels (CEELs) and

Short-Term Public Exposure Guidance Levels (SPEGLs) 

CEEL guidelines have been developed by the National Research Council Committee on 

Toxicology.  The frame work has been established for developing these emergency response 

standards, but to date, no CEELs have been established (National Research Council, 1993).

The SPEGLs were also developed by the  National Research Council Committee on 

Toxicology as public exposure guidelines for civilian populations near military bases.  Only five

SPEGLs have been developed to date, with hydrogen chloride having the only SPEGL

established which applies to the Tri-State monitoring data (National Research Council, 1986).
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5.2.6  Time Adjustment of Acute Screening Values

The data collected during the air sampling of the Kenova Cluster consist of both 1 hour and 24

hour samples and the detected chemicals in any given sample may not necessarily match the

exposure time of the acute benchmark.  For example, a chemical may have been detected in a one

hour sample; however the selected benchmark is based on a 24 hour exposure.  In such cases it

was necessary to adjust the screening values to match the sampling duration.  

Haber’s Law provides a method for extrapolating a contaminant concentration for a given time

period to an equivalent concentration over a different time period.  As described by Rinehart and

Hatch (1964), Haber’s Law states that the product of the concentration (C) and time of exposure

(T) required to produce a specific physiologic effect is equal to a constant level or severity of

response (K), or:

(C)(T) = K

When the duration of the experimental exposure concentration is different from the desired

exposure duration, a modification of Haber’s Law may be used to obtain an acute exposure level

that is of a different duration from the experimental conditions (OEHHA, 1999):

(Cn)( T) = K

Where n describes the relationship between concentration and exposure duration in determining

toxicity.  

For example, in cases where n is equal to one, the toxicity of the chemical is equally dependent

on concentration and exposure duration.  However, when the value of n is less than one, the

duration is a greater factor in determining toxicity than the concentration.  Values of n that are

greater than one indicate that the concentration is a greater determinant of toxicity than exposure

duration.  When available,  chemical-specific values for n were used.  Otherwise, default n values
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developed by OEHHA were used.  

OEHHA default values were derived by examining a range of chemicals for which specific n

values were available.  It was concluded that when extrapolating from a shorter exposure

duration to a longer duration, a default value of one should be selected for n (OEHHA, 1999). 

According to OEHHA, when extrapolating from a longer exposure duration to a shorter exposure

duration, two should be used as the default value for n in the Haber’s Law equation. 

Based on the selected hierarchy of acute screening values (see §5.2.7), there were acute screening

values of higher priority in the hierarchy (i.e., TEELs) that did not require an adjustment from

longer to shorter exposure duration.  Therefore, it was not necessary to make this type of time

adjustment in this acute evaluation.  

Tables E1 and E2 present the adjusted screening values that were used in this evaluation.  For

comparison, both the adjusted and unadjusted screening values have been included in the

screening tables used to evaluate the sample data for each location.

5.2.7 24 Hour Screening Value Hierarchy

For comparison to 24 hour values, the following hierarchy was used.  This hierarchy (and the

hierarchy presented below for 1 hour acute screening values) is based on discussions with an

expert in acute toxicology at EPA’s National Center for Environmental Assessment.  A flowchart

of the hierarchy described below is presented in Figure 5-1.

1. ATSDR Acute MRLs

2. CAL RELS adjusted to 24 hours using Haber’s Law for all chemicals regardless

of evaluation endpoints

3. EPA AEGLs (using AEGL-1 which is the LOAEL) adjusted to 24 hours using 

Haber’s Law

4. AIHA ERPG’s-1 and SPEGLs adjusted to 24 hours using Haber’s Law
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This hierarchy should be read as follows:  For evaluation of 24 hours samples, first attempt to

use ATSDR Acute MRLs.  If no MRL is available, then use CAL REALS adjusted to 24 hour

values using Haber’s Law.  If there is no MRL or CAL REL for a chemical, then use the 8 hour

AEGL-1 adjusted to 24 hours using Haber’s Law.  Finally, if no AEGL is available, use ERPG-

1,  or SPEGLs adjusted to 24 hours using Haber’s Law.

DOE Temporary Emergency Exposure Limits (TEELs) were not  used to compare to 24 hour 

samples.  TEELs are interim values developed for use in the absence of ERPGs and are 

considered to be stop gap values to be used in emergency exposure situations.  In addition,

TEELs are recommended only for a 15 minute averaging time.  Therefore, they were considered

to be inappropriate for comparison to 24 hour data.

ATSDR Acute MRLs were considered to be the screening value of choice.  ATSDR derives

benchmark values for airborne chemicals that are protective of exposures lasting from 24 hour to

2 weeks.  Since this averaging time matches the averaging time of the samples collected in the

monitoring study, they were used preferentially for screening samples for acute effects.  

The acute CAL RELs are derived benchmarks designed to be protective of residential scenarios

from routine emissions from industrial facilities.  However, they are generally based on a 1-hour

averaging time and must be converted to a 24-hour averaging time to be comparable to the

samples evaluated in this acute evaluation.  As such, they were given a second priority.

EPA AEGLs are emergency planning guidelines and were given a higher priority than other

emergency related values because they are more recent values.  AEGLs for some chemicals are

available for time periods longer than one hour.  Where an AEGL was available for a longer time

period, this value was used as the basis for calculating screening values to be compared with 24

hour values.

Based on these definitions AEGL-1 or ERPG-1 may be considered to represent a Lowest 

Observed Adverse Effect Level or LOAEL.  To maintain consistency among the various 
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potential screening values and as a conservative approach, LOAEL equivalent values were

used for all comparisons.

Note that no CEELS have yet been developed for chemicals of interest in this study.  CEELS 

provide the framework for developing public emergency response guidelines, but actual 

standards are not yet available.  Only five SPEGLS have been developed; however, among these

five, only hydrogen chloride was detected in the Tri-State study.  According to this hierarchy, the

screening value promulgated by CAL EPA for hydrogen chloride would take precedence over the

SPEGL for HCl.

5.2.8 1-hour Screening Value Hierarchy

For comparison to 1 hour values, the following hierarchy was  used.   A flowchart of the

hierarchy is presented in Figure 5-2. 

1. CAL RELS

2. EPA AEGLs-1 (one hour values)

3. AIHA ERPGs-1 and SPEGLs (one hour values)

4. DOE TEELs-1 (adjusted to one hour values by Haber’s Law)

5. ATSDR MRLs (adjusted to one hour values by Haber’s Law)

CAL RELS are one hour values and were used with no modification.  Where results for RELS

were based on developmental or reproductive endpoints, these RELS were applied directly with

no adjustment for time period of exposure.  Typically, studies with these endpoints used a 4 to 8

hour exposure period.  However, uncertainty exists in the actual time period needed to

accumulated a dose resulting in a developmental or reproductive effect.  Therefore, as a 

conservative measure these RELS were not adjusted.

Three levels of AEGLs and ERPGs are available.  AEGL-1 and ERPG-1 were used in this 

evaluation.  In addition, AEGLs are available for different exposure periods.  For evaluation of 

one hour results, all comparisons were performed using AEGLs developed on a one hour 
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As discussed for the acute evaluation of 24 hour samples, SPEGLs were considered in 

this hierarchy but it was not necessary to use these values in this evaluation since values with

higher priority were available for use in the acute evaluation.

As discussed in Section 5.2.5, DOE TEELS are published and are available for reference in this 

acute air monitoring study.  Based on the definitions found in Section 5.2.5 and the intended use 

for TEELs, these values appeared to be suitable for use in the 1-hour evaluation, TEEL-1 values

best matching the goals of this analysis.  These values are developed based on a 15 minute

exposure period.  TEELs were adjusted to one hour values using Haber’s Law.

ATSDR MRLs are considered in this hierarchy.  Because of the large number of TEELs 

available no MRLs needed to be used in this evaluation. 

5.3 SUMMARY OF SCREENING RESULTS

The detections for each sampling event were compared to their respective  health-based

screening levels for one-hour exposures or 24-hour exposures.  A complete list of the 24-hour

and one-hour acute screening values can be found in Appendix E, Tables E-1 and E-2.  When the

maximum detected concentrations of a  contaminant exceeded the selected acute exposure

screening value, a ratio of the detected concentration to its screening value was calculated.  This

information is intended to quantify the magnitude of the exceedance.  It should not be assumed

that the magnitude of the potential acute effect, if any, from exposure to a chemical which

exceeds its acute screening criterion is directly correlated with the screening value exceedance

ratio.   The equation for the calculated “acute hazard ratio” is presented below:
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5.3.1 Stationary Sampler Locations

Data from the fixed sample locations were screened against the 24-hour screening values.  As in

the chronic assessment, the sampling stations are named according to their general geographic

location as follows: 

• Centennial Drive

• Corn Field

• Kenova Fire Station

• Kenova Water Works

• Lockwood Estates

• Sweet Run

• Webbville 

The results are summarized by sample location in Sections 5.3.1.1 through 5.3.1.7.

5.3.1.1 Centennial Drive

Composite 24 hour samples were collected at the Centennial Drive Monitoring Station

approximately every 12 days by a variety of sampling methods.  Sample analyses included

volatile organic compounds (SUMMA), semi-volatile organic compounds (PUF), acidic and

basic gases (annular denuder), and metals (high-volume sampling).  The analytical sampling data

were compared to screening values as described in Section 5.2.6.  Tables E- 3 through E-6 in

Appendix E contain the screening tables used to evaluate the collected data for the Centennial

Drive Monitoring Station.  From the comparison of the sample data to the screening values, it

was determined that two detected contaminants exceeded the selected acute screening value:

sulfur dioxide and sulfate.  Table 5-2 summarizes the number of detections that exceeded the

screening criteria for each contaminant.  
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5.3.1.2 Corn Field

Composite 24 hour samples were collected at the Corn Field Sampling Station approximately

every 12 days by a variety of sampling methods.  Sample analyses included volatile organic

compounds, semi-volatile organic compounds, acidic and basic gases, and metals.  The analytical

sampling data were compared to screening values as described in Section 5.2.6.  Tables E-7

through E-10 in Appendix E contain the screening tables used to evaluate the collected data for

the Corn Field Sampling Station.  From the comparison of the sample data to the screening

values, it was determined that two contaminants exceeded the selected acute screening value:

sulfur dioxide and sulfate.  Table 5-3 summarizes the number of detections that exceeded the

screening criteria. 

5.3.1.3 Kenova Fire Station

Composite 24 hour samples were collected at the Kenova Fire Station Sampling Station

approximately every 12 days by a variety of sampling methods.  Sample analyses included

volatile organic compounds, semi-volatile organic compounds, acidic and basic gases, and

metals.  The analytical sampling data were compared to screening values as described in Section

5.2.6.  Tables E-11 through E-14 in Appendix E contain the screening tables used to evaluate the

collected data for the Kenova Fire Station Sampling Station.  From the comparison of the sample

data to the screening values, it was determined that one of the detected contaminants, sulfate,

exceeded the selected acute screening value.  Table 5-4 summarizes the number of detections that

exceeded the screening criteria.

5.3.1.4 Kenova Water Works

Composite 24 hour samples were collected at the Kenova Water Works Sampling Station

approximately every 12 days by a variety of sampling methods.  Sample analyses included

volatile organic compounds, semi-volatile organic compounds, acidic and basic gases, and

metals.  The analytical sampling data were compared to screening values as described in Section
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5.2.6.  Tables E-15 through E-18 in Appendix E contain the screening tables used to evaluate the

collected data for the Kenova Water Works Sampling Station.  From the comparison of the

sample data to the screening values, it was determined that sulfate exceeded the selected acute

screening value.  Table 5-5 summarizes the number of detections that exceeded the screening

criteria.

5.3.1.5 Lockwood Estates

Composite 24 hour samples were collected at the Lockwood Estates Sampling Station

approximately every 12 days by a variety of sampling methods.  Sample analyses included

volatile organic compounds, semi-volatile organic compounds, acidic and basic gases, and

metals.  The analytical sampling data were compared to screening values as described in Section

5.2.6.  Tables E-19 through E-22 in Appendix E contain the screening tables used to evaluate the

collected data for the Lockwood Estates Sampling Station.  From the comparison of the sample

data to the screening values, it was determined that sulfate exceeded the selected screening value.

Table 5-6 summarizes the number of detections that exceeded the screening criteria.

5.3.1.6 Sweet Run

Composite 24 hour samples were collected at the Sweet Run Monitoring Station approximately

every 12 days by a variety of sampling methods.  Sample analyses included volatile organic

compounds, semi-volatile organic compounds, acidic and basic gases, and metals.  The analytical

sampling data were compared to screening values as described in Section 5.2.6. Tables E-23

through E-26 in Appendix E contain the screening tables used to evaluate the collected data for

the Sweet Run Monitoring Station.  From the comparison of the sample data to the screening

values, it was determined that sulfate exceeded the selected acute screening value.  Table 5-7

summarizes the number of detections that exceeded the screening criteria.  

5.3.1.7 Webbville
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Composite 24 hour samples were collected at the Webbville Sampling Station approximately

every 12 days by a variety of sampling methods.  Sample analyses included volatile organic

compounds, semi-volatile organic compounds, acidic and basic gases, and metals.  The analytical

sampling data were compared to screening values as described in Section 5.2.6.  Tables E-27

through E-30 in Appendix E contain the screening tables used to evaluate the collected data for

the Webbville Sampling Station.  From the comparison of the sample data to the screening

values, it was determined that only one contaminant, sulfate, exceeded the selected acute

screening value.  Table 5-8 summarizes the number of detections that exceeded the screening

criteria.

5.3.2 Triggered Data

Triggered samples were collected specifically for the evaluation of  acute health effects to short-

term, potentially high concentration exposures.  The samples were not collected on a routine (i.e.,

every 12 days) basis.  Rather, the monitor began collecting a sample when a high concentration

of volatile organic compounds was detected.  Once triggered, the sample collected a composite

sample for 24 hours.  Triggered data were collected at only one location, the Kenova Fire

Station.  The samples were only evaluated for volatile organic compounds. The results of

comparing the analytical data to screening values are presented in Section 5.3.2.1.  

Triggered samples were collected at the Kenova Fire Station Sampling Station between

November 13, 1996 and May 21, 1997.   The analytical sampling data were compared to

screening values as described in Section 5.2.6.  Table E-31 in Appendix E contains the screening

table used to evaluate the triggered samples for the Kenova Fire Station Sampling Station.  From

the comparison of the sample data to the screening values, it was determined that none of the

detected contaminants exceeded the selected acute screening value.  

5.3.3 Mobile Data

Samples were collected at various locations through the use of a mobile laboratory.  Mobile lab

data were collected at four locations: Corn Field, Kenova Fire Station, Kenova Water Works, and
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the Southpoint Ethanol Site.  Samples were collected only for volatile organic compounds.  The

sampling time was one hour.  The air monitoring data were screened against evaluation criteria,

and the results are summarized by location. 

5.3.3.1 Corn Field, Mobile Data 

Mobile laboratory samples were collected at the Corn Field location between April and June,

1997. Specific dates for this sampling effort are found in Table 3-1.  The analytical sampling data

were compared to screening values as described in Section 5.2.7.  Table E-32 in Appendix E

contains the screening table used to evaluate the Corn Field mobile data.  From the comparison

of the sample data to the screening values, it was determined that none of the detected

contaminants exceeded the selected acute screening values.

5.3.3.2 Kenova Fire Station, Mobile Data

Mobile laboratory samples were collected at the Kenova Fire Station from October 16, 1996 to

November 7, 1996 and again from April 2, 1997 to April 24, 1997.  Samples were collected

solely for volatile organic compounds.  The analytical sampling data were compared to screening

values as described in Section 5.2.7.  Table E-33 in Appendix E contains the screening table used

to evaluate  the Kenova Fire Station mobile data.  From the comparison of the sample data to the

screening values, it was determined that none of the detected contaminants exceeded the selected

acute screening values.

5.3.3.3 Kenova Water Works, Mobile Data

Mobile s laboratory amples were collected at the Kenova Water Works between March 10 and

April 7, 1997.  Samples were collected solely for volatile organic compounds.  The analytical

sampling data were compared to screening values as described in Section 5.2.7.  Table E-34 in

Appendix E contains the screening table used to evaluate the Kenova Water Works mobile data. 

None of the detected contaminants exceeded the selected acute screening values.
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5.3.3.4 Southpoint Ethanol Site, Mobile Data

Mobile laboratory samples were collected at the Southpoint Ethanol Site between May and July,

1997.  Samples were collected solely for volatile organic compounds.  The analytical sampling

data were compared to screening values as described in Section 5.2.7.  Table E-35 in Appendix E

contains the screening table used to evaluate the Southpoint Ethanol Site mobile data.  None of

the detected contaminants exceeded the selected acute screening values.

5.4 DISCUSSION OF ACUTE EVALUATION

Table 5-9 summarizes the contaminants that exceeded screening criteria at the fixed sampling

locations, including triggered samples.  Of the detected constituents, two were determined to

exceed the selected screening levels.  The contaminants that exceed the selected acute screening

value are sulfate and sulfur dioxide.  None of the contaminants detected in the mobile samples or

triggered samples exceeded the selected acute screening values.

Only two sulfur dioxide data points at Centennial Drive and a single data point at Corn Field

exceeded the selected acute screening values.  As a result, sulfur dioxide may not be a significant

human health concern at these locations.  However, further evaluation of sulfur dioxide at these

locations may be warranted.  Due to the limited exceedances of the sulfur dioxide screening

limits, temporal patterns of exceedance could not be determined. 

Sulfate was determined to exceed screening limits at each of the fixed monitoring stations.

Therefore, exposure to sulfates may be a human health concern at the sampled locations (see

Uncertainties, Section 5.5).  There appears to be some temporal pattern of sulfate exceedances of

screening levels given that the majority of the screening level exceedances occurred during late

summer and fall months.  At this time, there is insufficient information available to link these

temporal patterns of excess contaminant concentrations to specific sources or events.  It also may

not be possible to use this data to predict future exceedances of acute screening levels. 
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Table 5-10 provides a ratio of the maximum detected concentrations to the selected acute

screening levels.  The ratios were calculated by dividing the selected acute screening value by the

maximum detected concentration of the contaminant.  Ratios were only calculated for

constituents for which the maximum detected concentration exceeded the selected acute

screening for each sampling station.  This information is intended to provide a measure of the

relative magnitude of the accedences.  The calculated ratios ranged from 1.1 to 3.5.  This

indicates that the maximum concentration detected for each chemical which exceeded its acute

screening criterion only slightly exceeded its screening criterion.  

5.5 UNCERTAINTIES

There are a number of uncertainties associated with the methods used in the acute evaluation. 

These are discussed briefly below:

There are a number of contaminants that were detected for which there were no appropriate

screening values identified.  For comparison to one hour concentrations, 15 out of 87 monitored

chemicals lacked acute screening values.  For comparison to 24 hour concentrations, 57 out of 87

chemicals lacked acute screening values.  Therefore, the potential human health effects of these

contaminants could not be evaluated.  This limitation in the screening methodology may have

had the effect of underestimating the potential acute human health effects of the detected

contaminants.

In acute toxicology experiments, the study design usually involves exposures of short duration to

an otherwise unexposed animal.  However, real world acute exposures typically occur

intermittently, rather than as rare events in a lifetime.  Thus, the typical ambient exposure

scenario is not reflected in the standard acute toxicology experimental design.  Based upon this

limitation of experimental design, the possibility of cumulative effects from intermittent ambient

exposures is not typically addressed in the development of the acute screening values.  Therefore,

the screening methodology used in this evaluation may underestimate the potential for human

health risks.  
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Haber’s Law was used to adjust screening values from short periods of exposure to longer

periods of exposure.  Uncertainties exist in this procedure from several factors.  The exponential

“n” value has been empirically determined for relatively few chemicals.  Therefore, assumptions

are made regarding what value of “n” to use based on a chemical’s structure.  The use of Haber’s

Law also assumes that the log function applied is valid for the chemicals in question.  Although

Haber’s Law has been used extensively in the toxicological literature, uncertainties regarding its

applicability are still present.  Actual screening values may be either greater or less than those

calculated using Haber’s Law.

In addition to uncertainties resulting from the use of Haber’s Law to adjust for the exposure

period of the screening values used, there is uncertainty introduced by selecting screening values

based on previously derived lists of acute effects rather than from primary literature studies.  The

methodology for evaluating acute effects is still under development.  This results in uncertainty

in the results obtained from this screening-level evaluation although it is believed that actual

risks would not be greater than those estimated in this study.

The assumption that exposures of interest are independent of other exposures has several

uncertainties.  First, the possible additive, synergistic, or antagonistic effects of multiple

exposures are not evaluated.  This may underestimate or overestimate the potential impacts from

simultaneous exposure to multiple chemicals depending on the contaminants.  

The screening levels used in the acute exposure evaluation were taken from a variety of sources

as described in Section 5.2.5.  With the exception of CAL RELS, the screening levels were not

derived for the explicit purposes of evaluating acute residential exposures from routine industrial

emissions.  For example, many of the screening values were derived for assessing releases in

emergencies.  Therefore, the screening values used may not be directly applicable to the potential

acute exposure scenarios presumed in this acute human health exposure analysis.  As a result, the

use of diverse screening values from multiple sources may underestimate or overestimate the

potential for human health risks.
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It was determined that several contaminants exceeded screening values.  However, using the

current method for quantifying screening-level exceedances, it is not possible to accurately

interpret the magnitude of the potential risks for acute exposures.  The calculation of acute risk

ratios greater than one demonstrates that the potential for acute effects exists.  However, the

severity of the impact cannot be determined by this method.
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6.0    CONCLUSIONS 

This report presents the results of the human health risk assessment and acute effects evaluation

performed using the air monitoring data developed for the Kenova Industrial Cluster during the

1996 and 1997 sample collection period.  The air monitoring risk assessment focuses only on

direct exposure to airborne contaminants through the inhalation pathway. 

Air sampling efforts during 1996 and 1997 included a year-long air monitoring program utilizing

stationary air samplers, and including a triggered sampler at one location.  Samples from the

stationary air samplers were analyzed for volatile organic compounds, semivolatile organic

compounds, acidic and basic gases, and metals.  In addition, five rounds of sampling were

performed by the State of Kentucky mobile laboratory at four locations.  These samples were

analyzed for volatile organic compounds.

Air sampling results were used in two human health evaluations.  Results were integrated into a

quantitative human health risk assessment which focused on potential long-term, or chronic,

impacts to human health from exposure to airborne contaminants.  Air sampling results were also

evaluated for potential acute impacts to human health through a screening-level comparison

using established or estimated acute screening standards.

Results from the human health risk assessment and acute evaluation were compared to the target

risk levels defined in the Tri-State Geographic Initiative Risk Management Plan (TGI 1997d). 

As defined in the TGI Risk Management Plan, further action will be proposed if any of the

following is true:

• Chronic noncarcinogenic risks are found for any individual pollutant in excess of a

hazard quotient of 1.

• Chronic carcinogenic risks are found for any individual pollutant in excess of a risk level

of 1E-06 (or 1 in 1,000,000)

• Any chemicals are found to exceed their literature-derived acute screening value
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In the chronic human health risk assessment, hazard quotients for individual chemicals  in excess

of the threshold of one were obtained for all stationary sampling locations, and for one location

sampled by the mobile lab. 

For all locations, calculated chronic carcinogenic risks for at least one chemical were found to

exceed the established carcinogenic target risk level of 1E-06.  This risk level was exceeded at

the majority of sample locations by benzene, chromium, and chloromethane, and at several

locations by arsenic, cadmium, dichloromethane, beryllium, and carbon tetrachloride.

In addition to determining risks or hazards to individual chemicals, this risk assessment also

calculated the cumulative hazards and risks for each sampling location.  This was performed as a

conservative measure to ensure that risks were fully evaluated, and to provide additional

information to be used in the risk management process.

Short-term (acute) effects of exposure to airborne contaminants can vary significantly from

chronic effects, depending upon the contaminant and its concentration.  Therefore, the potential

for acute health effects from exposure to airborne toxicant releases in the sampling areas was

evaluated in this risk assessment.  Each data point collected during this investigation was

evaluated as a single acute exposure point to determine the potential for adverse acute health

effects. 

To evaluate potential impacts from acute exposure to airborne contaminants, sample data

collected from stationary monitoring stations, including the one triggered sampler located at the

Kenova Fire Station, and from the Kentucky mobile laboratory, were evaluated based upon

comparisons to the selected chemical-specific screening criteria.  Of all of the detected

constituents from the stationary and triggered sample locations, only one was determined to

exceed the selected screening levels: sulfate.  Of the detected constituents constituents from the

mobile laboratory data, no compounds were determined to exceed the selected screening levels. 

The qualitative assessment of acute risks indicated that sulfate and sulfur dioxide may present a
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human health concern in the areas where concentrations routinely exceed screening criteria. 
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